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Editorial Foreword 

W ITH the advent of a new editorial staff, it is customary to make a state- 
ment regarding editorial policy. CANCER RESEARCH is fortunate in 
that first its Editorial Committee and later its editors, Dr. William H. 
Wbglom, Dr. S. Bayne-Jones, and Dr. Balduin Lucke, with their staffs, have set 
high standards. It is our present policy to emulate them, but the general editorial 
policy will remain unchanged. Dr. Lucke, who has had to relinquish the position of 
editor-in-chief because of press of other duties, has generously consented to re- 
main as an editor, giving to the new editorial staff the benefits of his experience. 

CANCER RESEARCH is devoted to reporting the results of fundamental 
investigations directed toward the understanding and ultimate conquest of cancer. 
Original reports of laboratory and clinical research, chiefly experimental, will be 
published regardless of whether the subjects are mice or men. Comprehensive but 
concise general reviews of subjects selected by the editorial staff will be published 
from time to time. Short papers, even preliminary, if so marked, will be welcome. 
News items, announcements, comments, and death notices will also be published. 
Other sections will be added as warranted. It is hoped that such prompt publica- 
tion can be offered to papers of wide and active interest that a copy of CANCER 
RESEARCH will be a necessity on the desk of every scientist and physician con- 
cerned with cancer. 

With the great expansion in cancer research now under way and the limitation 
of printing space dictated by budgetary considerations, it will be impossible to 
print all papers submitted to the editors. Critical selection beween them will be 
necessary, and some authors will, of necessity, be disappointed. Past policy of 
careful editorial selection by specialists in each field will be rigidly followed. The 
role of the editors and advisory editors will be to help in the selections, but the 
final responsibility must rest with the editor-in-chief, w'ho alone will have access 
to all editorial opinions and be able to judge the apparent comparative merit of 
the papers submitted. Knowing that, regardless of how carefully the selections 
are made, some persons will disagree with the choices, the editor-in-chief is fully 
reconciled to receiving adverse criticism and to loss of all of his friends if this be- 
comes necessary in order to maintain what he regards as the highest standards for 
CANCER RESEARCH. It is expected that CANCER RESEARCH can even- 
tually be enlarged. 

It is hoped that in these pages, among other benefits, investigators will find an 
adequate and prompt publication outlet for their results, readers a fertile and reli- 
able source of information, physicians a flood of ideas and inspiration which they 
will use in the clinic, and the sponsors satisfaction in having had a vital part in 
an important job well done. 


Paul E. Steiner 



4 


Cancer Research 


usually sliowed evidence of diffuse, nodular cir- 
rhosis of a mild degree but was grossly noninalig- 
nant. TJiiis in a single animal there were present 
both malignant and nonmalignant areas of liver, 
clearly sej)arated from each other (Fig. 1). We 
have found tl)at. under similar conditions, rats 
left on Kline’s diet (21) for 6 months or more de- 
velop livers studded and infiltrated with hepa- 
tomas, with little tissue remaining that can be 
termed nonmalignant or normal. On the other 
hand, if the dye is discontinued at the end of the 
fourth month, a relatively few hepatomas arise in 
isolated areas of a single li\'er. We have, therefore, 
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Fig. 1. — T.^Tiical liver, showing hepatoma nodules 

taken advantage of this circumstance in preparing 
tumors for tlie present ex-periment. 

The opaque, white hepatoma nodules were care- 
fully dissected free from surrounding grossly non- 
malignant tissue. Hepatoma nodules obtained 
from a single liver varied in size from a few milli- 
meters to 1 to 1.5 cm. In the case of the larger 
nodules, particular care was taken to select only 
the periplieral, grossly non-necrotic, firm portions. 
Sections were also taken from such large nodules 
for histological verification. Thus a quantity of 
liepatonia nodules weighing from- 3 to 10 gm., 
usually the former, was obtained from a single 
liver. In a number of e.vperiments an equal weight 
of tissue was likewise taken from the grossly non- 
malignant parts of these livers, and histological 
sections were saved from these regions. At the 


same time, a control liver was frequently obtained 
and prepared as described above. 

Ulirafiltration.—A 1:1 homogenate of liver or 
hepatoma was quickly made with distilled water, 
using a Potter-El vehjem apparatus (2-j.). The 
homogenized livers were then placed individually 
in small Cellophane bags^ inside side-armed Erleii- 
meyer flasks in the cold-room at 8° C. and were 
allowed to filter under the influence of a negative 



pressure of appro.ximately 40 mm. of mercury 
(Fig. 2). This filtration pressure was selected so as 
to be just under the breaking-point of the bags. 
Ultrafiltration was chosen as a method for separat- 
ing the substances of large molecular weight pres- 
ent in liver tissue from compounds of smaller 
molecular weight because it seemed to introduce 
less possibility of artifact than did acid precipita- 
tion methods. One to 3 cc. of water-clear, protein- 

’ Visking Cellulose -Sausage Ca.siugs, 14/32-incli “^>o Jax 
Casing. 
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free iillrafiltrale were eoilecled diiritif; llic follow- 
ing 4 to 0 hours. It was found that, if the nllra- 
fiUrale was allowed to collect overnighi, the aeli- 
vating ability of an aliqtiot was less potent than 
that of one obtained during the early hours. Stor- 
age of ultrafiltrates over a period of <lays on dry 
ice. liowcvcr, resulted in no ai)j>reeiable lo.ss in 
their ability to activate the eatheptie enzyme. 

KNZYM.vnr 

1. Prrpnralioii of callir/ixiii. — Several .•'Cparale 
prc])arations of eathc|)sins were ni:i<le by ainmoni- 
nm sulfate fractionation of fresh hog kidneys, a.- 
eording to the procedure of Fruton !ind Itergmann 
(12). In order to remove, .as far as po-isible. .all 
traces of n.atural activators, the fin.al products 
were dialyzed at .‘1° for It to Idd.ays. first .ag.ainsi 
several changes of co|)per-<lis|ille<l water and. 
finally, against glass-distilhal w.ater. 

The activity of the c.alhcpsin jirepanilions was 
tcstcfl toward the substrate c.arbobenzoxyglyeyl-/- 
tyrosine, by means of a manometrie method 
both in the pre.sence and in the absence of added 
activator. Fhich i)re|).aralion of e.athepsin was di- 
vided into l(l-cc. portions. 'I'hese were frozen in 
lustroid tubes in .a dry-iee bf)x, were thawe<l out 
individiially. and u<ed immedi.alely. 'I’ln- fn)zen 
enzyme solution ret.ained its activity, but the ac- 
tivity dcc.ayefl over a period of hours after 
thawing. 

2. Drlcrmiiialuiii of rallirjilir rarhuTj/iirjitidaxr,- ~ 
Although such a prep.aration .as that metdioned 
above contains a number of eatheptie enzymes, it 
was convenient to study the (dfeet of .activators in 
detail on oid.v twoenzymes — thee.arboxypept idase 
which h.vdrolyzes the substrate e.arbobenzox.v- 
gl.vc.vl-/-tyrosine. and the try(isinase. or more 
strictly benzoylargininamidase (17), which hydro- 
l.vz.es benzoyl-f-argininamide. 'I’lie eatheptie ear- 
boxy i)e])t idase method depends on the ability of 
a tyrosine deearbo.xyl.ase (obtained from SIrrplo- 
roceux f<tcc(dix) to liberate e.arbon dioxide from free 
/-tyrosine, but not from the pei)lide earbobenzoxy- 
glycyl-/-tyro.sine. 'I'lie reaction secpiema' involvecl 
is outlitied below; 

ciirlmlx’iirDxval.'ejTt-l.vnfiiir 

t-iliiilyrcil r.il|ii |i.iii 
-i nrllviilor (nil r.ifill rule) 

r.irl>'il)<n7:(i\y>;lyciiic -|-^l_vrll^ill(• 

I “talreiirlioxylior 
lyniminc-(-(7irl)(iii ilhnlih- 

Heaetions were carried out in \Varburg lype 
constant-volnme re, spirometers, at 2.'>” ('. 'I'lie gas 
jihase was nitrogen, |mrilied of traiavs of ox.vgen by 
jiassage over hot copjier. In agreement with (irevi- 


ous work (lit), we have found higher eatheptie 
activit.v when the reactions have been run in the 
absence of o.xygen. I'nless otherwise stated, the 
composition of the test solution was as follows: 

Five-tenths eubie centimeters of dial.vzed ealb- 
epsin, n.:5 (a-, of .1/ earbobenzoxyglye.vl-/- 

t.vrosine,* and ().(> ee. of fleearboxyl.ase made up in 
<(.4.1/ citrate biilTer. 'I'lie pH was .7.4 to .7.(> in 
various experiments, but in a single ex|)eriment 
there was less than <1.1 jdl units dilferenee among 
the various flasks. 'I'he decarboxylase was ))re- 
pared as previously described (.‘Ul). 

l’n)vide<l that the deciirboxyk'ise is jire.'eni in 
excess, the rale of carbon dioxide evolution serves 
as a measure of the rale of the ealhepsin reaction 
(;{((). nuring the early portion of the hydrolysis, 
the reaction elos<dy follows zen)-onler kinetics. 
I.ikewise. if the dialyzed e.-ilhepsin is completely 
inaetivein the .absence of adtle<I activator, the rale 
of carbon dioxide evolution reflects the amount of 
e.athepsin activation iin>viiled by the ultrafiltrate. 
h)ven in the absence of ailded activator, however, 
the dialyze<l enzyme w.as able to split this sub- 
strate slightly. 'I’his suggest.s that all the natur.al 
activator may not h.ave been dissociated from the 
enz.vme during the prolongtal ili.alysis. 'I’he rehi- 
tionshi|> bet\\(a-n concentration of glutathione 
ailded to the lest solution ami rate of pe|>tide h.v- 
drolysis (as refleelial by carbon dioxide evolution! 
is illustr.aled in I’ig. :i. 

It may be seen from I’ig. :> that the activit.v of 
theili.alyzed e.athepsin toward the substratei-.arbo- 
benzo\yglyeyl-/-lyrosine is a function of the 
ghitathioni' eoniaaitr.ation added to the test 
solution. 

;t. Drtfrniitiolintt of rolhrptir trifftriiinxf (hnizopl^ 
itrf}iiiloomidoxr). .\ smaller number of experi- 
ments was performed, in which the action of di- 
alyzed eathepsin prep.ar.ation on the substrate 
benzoyl-/-nrgininamiile' was tested at pH .7 both in 
the |»resenee and in the absema- of added activator. 
The exjierimental details were as follows; He.ae- 
tions were run in 2..7-ee. glass-stoppered volumet- 
ric flasks, incubated in a water bath at ;I7''(' in 
the presence of air. The flasks contained I.li ei'. of 
<(. I .1/ benzoyl-/-.'irgininamide. 0.2 ee. of 1 M 
citrate bulfer at pH 4.72. 0.4 i-e, of eathepsin. and 
0.4 ee, of ultrafiltrate. With each ex|ierimenl one 
control was run in which 0.1 ee. of distilled water 
was used in place of ullrafillrale, and another con- 
trol in which 0.4 ee. of 0,0.7 M cysteine was simi- 

''I’lu- iiiillmrs iin- imlrlilnl Ov Dr. Mnv lln iiiirr iiixl On- 
.\. <>, <Iei|;y <'ii.. Iliisli-, SHilri'rI:iiiil. fur griii'rinis sii|>|ilii-s i,f 
e,‘irlM(lM'n?*i\yeIyryI-f-Ir.\'iisiih‘ iiiid of /-triii'iiciiniilr, 

‘ Dliliiiiii-il llirmieti llie emirti-sy nf Dr. ,M. .'s. Daaa iiml On- 
•ViiiiiKi .\elil Miiiinfiirhirrs, l.’is .\ni;i li s. ( ‘iilif.irniii. 
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liirly used. Auloiysis controls were also included in 
wliicli water was used in place of the substrate. 
There wa.s no autolysis at the end of an hour. 
Du]ilicate aliquots were removed at zero time, and 
the reactions were all terminated at 60 minutes. 

The pH’s of aliquots from all flasks were 
checked at the beginning and end of each experi- 
ment by means of a micro glass electrode assem- 
bly. ,\liquots of 0.2 cc. were diluted to 1.2 cc. with 
distilled water and were tested. With rare excep- 
tions, the pH’s at this dilution were between 5.40 
and 5.50 throughout the experiments. 

The flasks were shaken briefly by inversion at 
15-minute intervals during the course of the reac- 
tion. Individual flasks were removed from the 
warm bath at GO minutes, placed in ice water, and 
three 0.‘2-cc. aliquots were removed. The aliquots 
were pipetted into aeration tubes containing 5 
drops of caprylic alcohol, 2 drops of castor oil. 



Fig. 3. — Relationship of eatliepsiu .activity to glut.nthione 
concentration. The flask contents were as follows: 0.5 cc. of 
V3-day lUalyzed cathepsin; 0.3 cc. of 0.055 M carbobenzoxy- 
glycyl-/-tyrosine; 0.0 cc. of decarbo.xylase (20 mg. of dried 
powder per cubic centimeter of 0.4 .1/ citrate buffer, pH 5.3); 
and 0.5 cc. of glutathione solution. The pH’s of the various 
flasks, as determined at the end of 1 hour's reaction, ranged 
from 5,25 to 5.43. The temperature was 27° C., and the gas 
phase was purified nitrogen. A control flask was run in the 
absence of glutathione, and the value obtained (0.7 p moles 
of CO, liberated per hour) was subtracted from the other read- 
ings. Glutathione concentration is expressed in moles per liter, 
and carbon dioxide in p moles evolved per hour. 

0.5 cc. of a half-saturated solution of potassium 
carbonate, and 0.8 cc. of distilled water. The tubes 
were stoppered, and aeration was begun immedi- 
ately. The ammonia was collected in boric acid and 
was'titrated (27). using 0.0782 .Y sulfuric acid and 
a Rehburg burette. The average of the replicate 
titrations was used in each case. In following the 
splitting-off of the amide group by the cathepsin, 
ammonia aeration, according to a modification of 
the method of Sobel, IMeyer. and Gottfried (2<), 
was found to be more convenient and accurate in 
our hands than was the more classical titration 
procedure of Grassmann and Heyde (15). 


Jlore effort was expended on studies on carbo- 
benzox>'glycyl-f-tyrosine. however, than on those 
with benzoyl-/-argininamide, because of the great- 
er precision and ease of manipulation of the mano- 
mctric method used in the study of the enzymatic 
hydrolysis of the former substrate. 

4. Determination of \-lcncinamidasc . — ^This en- 
zyme was used to provide an example of the be- 
havior of the group of metal-activated peptidases 
whose pH optimum is in the vicinity of pH 8! A 
crude preparation of peptidase was made from rat 
liver in the following way: 9 gm. of normal rat 
liver were minced and then homogenized with 27 
cc. of water. The homogenate was twice filtered 
through a Buchner funnel with the aid of Hy-Flo 
Supercel. To the filtrate was added an equal vol- 
ume of ice-cold acetone. The precipitate was 
washed 3 times with ice-cold acetone. To 300 mg. 
of dried precipitate, 18 cc. of water were added. 
The extract was centrifuged, and 17 cc. of a clear, 
reddish supernatant solution were obtained. This 
solution contained an enzyme which actively hy- 
drolyzed f-leucinamide at pH 8. 

The experimental details were as follows: flasks 
contained 1.0 cc. of 0.1 M /-leucinamide (previous- , 
ly adjusted to pH 8) ; 0.2 cc. of 0.4 M borate buffer 
at pH 8: 0.4 cc. of a 1.5 aqueous dilution of en- 
zyme solution; 0.1 cc. of 0.02 31 manganese chlo- 
ride (when used): 0.4 cc. of ultrafiltrate (when 
used); and distilled water to 2.0 cc. The reaction 
temperature was 37° C. At 15-, SO-, and 45-minute 
intervals, 0.2-cc. aliquots were removed and were 
titrated according to the technic of Grassmann 
and Heyde (15). 

5. Determination of reduced glutathione . — ^The 
most specific procedure for the determination of 
tissue glutathione concentration is the raanomet- 
ric method of tVoodward (29). This method de- 
pends on the ability of reduced glutathione to 
serve as a coenzyme for the yeast enzyme, gly- 
oxalase, in catalyzing the conversion of raethylgiy- 
oxal to lactic acid. The lactic acid formed during 
the reaction displaces carbon dioxide from a car- 
bon dioxide-bicarbonate buffered system, and the 
carbon dioxide evolution is measured manometri- 
cally. Several batches of jmast were tested for 
glyoxalase activity, and calibration curves were 
set up, in which varying amounts of glutathione 
were added to the glyoxalase. It was found impos- 
sible to free the yeast glyoxalase completely from 
its naturally accompanying coenzyme. Even with- 
out the addition of glutathione, therefore, there 
was considerable glyoxalase activity. Results have 
been corrected for this blank value in each experi- 
ment by running flasks without added glutathione. 
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HESl'LTS 

A. Activating Effect of I'l.THAFn.TiiATF.s 
ON Diaevzei) Catiiefsin 

1. Hc.s-iilh on callirptir c(irho.ri/prplifl(t-‘!r. — In 
Table 1 is tabnialeii tiic eflcct of iillrafillralcs on 
the nclivily of dialyzed call]C])sin, nsiiif; tlie sub- 
strate carboi)enzoxyf;iycyl-/-tyrosine. It will be 
noted that llicre is some enzymatic activity pres- 
ent even wiien no ultrafiltrate is added to activate 
the catUejisin. Ajiparcntly. not all the natural 
catlieiisin activator is removed by fiialysis. 'I'lie 
averaiic of the values in tbe first column of ’I'able I 
may lluis be subtracted from tbe averages of 
values in tbe other columns to obtain fipires for 
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the amount of activation proviiicd by tbe adilition 
of the three types of ultrafiltrates. Tlir rcxiillx tinli- 
catr Ic.sx (irliratinij ahiliti/ In llir nllroftllralrs of 
lirpntonia uodulrx Ilian In llir nllrafillnitr.'i from tlir 
nonmalhjnant partx of Ihrxnmr Ilirrx. 'I'bere is like- 
Avise less activating ability in tbe hepatoma ultra- 
filtrates of livers of control rats. 

In Table ‘2 are listed tbe results of a comiiletely 
separate scries of experiments in wbieb two addi- 
tional tyjies of control livers were used, namely, 
regenerating and fetal livers, 'i'be regenerating 
livers were produced by performing partial bejia- 
fecfoiny (.i), Avilb removal of the regenerating 
liver ‘21 hours later. Kaeb figure in tin- fetal liver 
column represents an ultrafiltrate obtained from 
the pooled livers of the fetuses of a single mother. 
.\s before, beiiatoma nodules were carefull.v dis- 
sected out of iiulividual livers, .\uother jirejiara- 
fion of cafhepsin was used for these experiments. 
.Since (he order of activity of this euz.vme pre)>ara- 
fioi). per milligram of protein nitrogen, was con- 
siderably less than that of the jirevious jireparu- 
tion: and. because the amount of natural activator 
diaiyzerl oaf might also bedifl'erent. flu’s series of 


e.xperiincnls musl be viewed as a nnil separate 
from (hose in 'I'able 1. 

'I’lie results again .show a loAver activation effect 
of the hcpaloma nodule ultrafiltrates than that 
found in the controls. It is noteworthy that the 
activating ability of the fetal ultrafiltrates is par- 
ticularly high. 

*2. Rr.xnlixon hrnzoiilariilnlnawlilasc (Iriipslnaxr). 
— 'I'lie effect of ultrafiltrates on bcnzoylarginin- 
amidase activity is summarized in 'i’.able !>. It will 
be uoteil that the dialyzeil enzyme has little ac- 
tivity in (he absence of added activator. 'I'lie addi- 
tion of 0.01 M cysteine or glutathione j>ro\ides 
maximal activation. .Mthoiigh there is overlapping 
of values in the two .series, the average conct'iitra- 
tion of benzoylargininamiiia'C activator is less in 
the hepatoma than in the control ultrafiltrates. 
The results thus fall in line «ilh those on the ac- 
livalion of catheptic carbox.v|>eptidas,-. 
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itnH tlitt «*t tfte |«*a j»Af aII'MI. A ja'ij! 1 ixA’urjv Isr 

opplusl r l>rinv’ H'** ««-Tjr » ».f f.-f ll c ji r\j>. MtT'-t.u 
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lifxnllx an \-lt'nrlnanilil(isr, -The enzyme 
Used in these few ex]>eriments was prepared from 
rat liver as described above. When manganese 
chloride was added to the test solntion. the I'li- 
zyme hydrolyzed / leiieinamide ver.v actively (.'lO 
per cent of the substrate was hydrolyzed in I.'i 
minutes). Without the addition of manganese, 
however, there was only .slight activity. 'I'lie addi- 
tion of idl raliltrales of a normal liver and of a 
hepatoma produced no activating etVei't. This on- 
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zynie is, of course, quite different from the cathep- 
sins discussed above. The results thus indicate 
that no appreciable amount of activator for this 
enzyme has been found in ultrafiltrates of either 
normal or malignant liver by this technic. 

B. Studies on Ciiemicai, Nature of Cathepsin 
Activ.ators Present in Ultrafiltrates 

1. NUroprmside icst. — Since it has been known 
(13) that certain compounds containing sulfhydryl 
groups may serve as cathepsin activators, frozen 
aliquots of the ultrafiltrates were thawed and 
tested for their total sulfhj'dryl activity by means 
of the nitroprusside reaction (18). The colorimet- 

TABLE 4 

SODiu.M Nitroprusside Test of Sulfhydryl Group 

CONCE.VTRATIONS I.V ULTRAFILTRATES OF VARIOUS 

Types of Rat Livers» 

Type of liver 
Control- 


Control 

Hepatoma 

hepatoma t 

Fetal 

Regenerating 

CO 

0-5 

GO 

20 

100 

CO 

5 

80 

15 

CO 

50 

0-5 


5 

80 

CO 

0-5 


5 


CO 

0-5 


15 


80 

0-5 




GO 






* Each flgurc represents a determination on a single liver. An arbitrary 
color standard was set at 100, and the 6gurcs have meaning only in relation 
to one another. 

t This term signifies the grossly nonmalignant portion of a liver contain* 
ing a hepatoma. 

ric results could be roughly quantitated and are 
summarized in Table 4. The figures suggest that 
the sulfhydrjd concentration of the hepatoma is 
less than that in the normal livers, in regenerating 
liver, and in the nonmalignant part of the hepa- 
toma-containing livers. The sulfhydryl concentra- 
tion of the fetal livers was, however, only slightly 
higher than that of the hepatomas. It thus ap- 
peared desirable to characterize more closely the 
nature of the sulfhydryl-containing compounds 
responsible for the nitroprusside test. 

2. Filter-paper chromatograms. — Such chromato- 
grams of ultrafiltrates of normal livers, prepared 
according to Consden, Gordon, and Martin (7), 
indicated the presence of glutathione in consider- 
able concentrations and a relative paucity of 
cysteine. 

3. Glyoxalase method. — The glyoxalase method 
of lYoodward (29)® was then used to quantitate the 
concentration of reduced glutathione. The results 
of these studies are recorded in Table 5. 

The points of interest are the low glutathione 
concentrations of the hepatoma nodules and of the 

6 The clihvdroxvacetone from which methylglyoxal was 
prepared was kindly furnished by Drs. Fritz Lipmann and 
C. B. Anfinsen. 


fetal livers. Thus the low cathepsin-activating 
ability of the hepatomas appears to fit well with 
their low, reduced glutathione concentrations. 
This explanation cannot, however, hold when ap- 
plied to the fetal liver ultrafiltrates. In the latter 
case there is a high cathepsin-activating ability 
but a low reduced glutathione concentration. 

The possibility was considered that the gluta- 
thione might be present in oxidized form in the 
hepatoma and thus not be detectable by the gly- 
oxalase method, which measures only reduced 
glutathione. To test this possibility, the eleetrolytic 
reduction method of Dohan and Woodward (8) 
w'as set up. By this method glutathione in the 
oxidized form is reduced and then tested as before 
by the glyoxalase method. It was found that verj- 
little oxidized glutathione was present in the 
hepatomas tested, and that this, therefore, could 
not be the explanation for the low concentrations 
of glutathione found in the hepatomas. 

TABLE 5 

Glutathione Concentration of Various Twes 

OF ULTR/VFILTRATES* 


Control 

Regenerating 

liver 

liver 

0.093 

0.117 

.078 

.108 

.116 

.058 

.125 

.091 

.080 

.071 

.118 

0.085 

0.050 


Fetal 

Control- 


liver 

hepatomat 

Hepatoma 

0.013 

■ 0.079 

0.018 

.020 

.112 

.000 

.018 

.071 

.005 

.033 

.093 

.003 

0.018 

.117 

.011 


0.008 

.009 

.009 

.038 

.013 

.020 

.009 

.003 

.000 

.000 

0.003 


0.095 0.083 0.020 0.090 0.010 

* Figures indicate milligrams glutathione per 0.1 ce. of ultrafdtrate. 
t Nonmalignant part oF hepatomn-eontaining liver. 


4. Svlfosalici/Uc acid filtrates.— In order to check 
on the possibility that ultrafiltration through the 
Cellophane bag might introduce some unexqiected 
artifact with respect to the glutathione concentra- 
tions of the various groups of livers, a series of 
sulfosalicylic acid filtrates of control livers and 
hepatomas were run in parallel on the same livers 
from which the ultrafiltrates were prepared. The 
glutathione concentrations were in satisfactory 
agreement by use of the two independent methods. 


DISCUSSION 

In order to bring the result into focus with cur- 
rent conceptions (2G, 25) of protein metabolism 
within a living cell the following diagrams are pre- 
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senVed (cf. Fig. i). In a normal adnU cell {.V) in 
nitrogen cqnililtriiiin (/.). ])rotcin is being synthe- 
sized at a rate (.1) similar to that (B) at which it. 
is being degraded. There is thus no net change in 
the intracellnlar ])rotcin concentration. In a 
malignant cell (d/). protein may cither be .synthe- 
sized at an accelerated rate (J.). degraded at a de- 
creased rate {■}.). or both as])ccts of the process 
may be affected (.{.)• 

There are at least families of enzymes which 
appear to be concerned in jirolein and i)e])tide deg- 
radation within cells; (n) the cathejtsin.s. active 
at weakly acid jdr.s; (h) the peptidases, active at 
neutral and .slightly alkaline idl’s; and (c) the 
more obscure dehydro])cplidases. 'I'lic ]>rescnt ex- 
periments suggc.sl that the concentration of cath- 
cpsin activators may be dccrea.scd in the hepa- 
tomas. Thus the j)re.scnf results are consonant with 
either situation (./.) or (.{.). 

We have recently (32) found (’"-labeled alanine 
to be incorimrated into the ])rotcins of primary rat 
hepatoma .slicc.s more rapidly than into the ])ro- 
tcins of normal liver slices, 'rite.se data imply an 
increase in the rate of protein .synthesis in the 
hepatoma in vitro but give no information on the 
rate of [)rotein flegradation. In summary, lhe.se 
two fraginentarj’ i)ieccs of evidence, therefore, siig- 
ge.st tliat situation (.{.) (Fig. 4) may be the i;orrect 
one for this type of hepatoma. It is. of course, pos- 
.sible that cither .situation (J.) or situation (.».) 
(Fig. 4) may apjjly for other tumors. 

The (|UCStion as to whether the catheptic en- 
zymes play a role in j)rotein within the 

cell, as well as in j)rotein degradation, has, of 
course, not been .settled. Recent work from .several 
laboratories (4, (!, 10, 23), however, favors the 
point of view that a different set of enzymes is in- 
volved in jirotein .synthesis from those concerned 
with ])rotcin degradation. 

'I'lic data on fetal livers reiiuire sjieeiai com- 
ment. .Since the glutathione concentration is low 
but the cathepsin activator concentration high in 
the ullrfdiltratcs of fetal liver, there musf be .some 
substance other than glutathione responsible for 
this high order of activation. The nature of such a 
hypothetical substance is unknown. 

It has been poinfed out recently (22) that the 
glutathione concentration of rat livers depends on 
the diet fed. In the pre.sentexjierimcnts, animals in 
all groups e.vccpt fetal had been on the .same con- 
trol diet for 2 months, prior to .sacrificing, which 
minimizes the jiossibility that variations in diet 
might have afl'ecfed the glutathione conceut rations 
of the .several groups. 

'I’he glutathione concentration of normal ami 
malignant tissues has been the subject of <;on.sider- 


able study, as pointtal out in a recent review (28). 
F’ewer comparisons, however, have been made be- 
tween glutathione concentrations of malignant 
ti.ssuesand their homologous normal counterparts 
(14. Hi. 20). 'rhe jirc.sent findings arc in (pudita- 
tive agreement with those of Kinosita (20) and 
(irecn.sicin (HI). 'I'hc glutathione concentration in 
the hepatomas in the present e.vperimcnts is, liow- 
ever. !<»wcr than that found by tlie.se investigators, 
'riiis point, therefore, retpiircs a word of explan, a- 
lion. 'I'lie experimental details differed in several 
imjiorlant resiiects in the three investigations; 
(fi) .strain of rat: (//) use of primary hepatoma 
nodules in the pre.sent cx)>eriment,s as ag.'iinsl 
transplanted hepatomas in (ireenslein s cxiieri- 
ments: (r) use of the more specific glyoxalase 
method for determining glutathione in the present 
experiment.s; am! (d) jiossibility of a greater 
amount of necrosis in the hejiatomas used in the 



l-'Mi. t. -l’Mlriii tm-Inliiili'iil in niinn.il ninl mnliKHniil rrll* 

present exiieriment. In the necrotic portions of 
tumors the sulfhydryl coiu'cntration is reporte<l 
(l(i) to dro)) nearly to zero. We have been careful, 
therefore, to choose only the peripheral, grossly 
non-nccrotic portions of the hep:iloma nodules for 
study. Pieces from each hepatoma wi'rc .saved for 
histological study. While there was microscopic 
evidence of .some degree of lU'crosis present in nc.'ir- 
ly every hejiatoma. necrosis was inconsjiieuous in 
all but a few sections studied. This latter seems, 
therefore, to be an unlikely explanation of the 
glutathione dilferenees. 

'I'hc primary hcjiatoma was used, since it af- 
fords the ailvantage of providing both maligmint 
and control ti.ssue of the same gimetic origin, grow- 
ing umlcr .similar <*nvironmenlal cireumslanccs. 

In a previous jiaper (.'ll) the activity of cathe|)- 
tic enzymes in 3(1 per cent glyecro! extracts 
of p-<!imet hylaminoazolK'nzcne-imliiccd primary 
hc]mtomas was .slmlied. In such experiments 
cysteine was invariably added to the test .solutions 
in order to provide maximal activation of the en- 
zymes. Thus the experiments were designed to 
uncover possible differenees in the concentration 
of the protein part of the enzymes in the hejia- 
loimts and control livers. I'mler these conditions 
the activity of catheptic tr.vpsinase (benzoylar- 
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zyme is, of course, quite different from the cathep- 
sins discussed above. Tiie results thus indicate 
that no ajjpreciahle amount of activator for this 
enzyme has been found in ultrafiltrates of either 
normal or malignant liver by this technic. 

B. Studies on Ciie.mical Nature of Catuepsix 
.\ cTiv.\Tons Present in UETR-^nuTHATEs 

1. yilropru.t.iidc text . — Since it has been known 
(13) that certain compounds containing sulfhydrjd 
groups may serve as cathepsin activators, frozen 
aliquots of the ultrafiltrates were thawed and 
tested for their total sulflij'dryl activity by means 
of the nitroprusside reaction (18). The colorimet- 

TABLE 4 

Sodium Nitroprusside Test of Sulfhyduyl Group 

Concentrations in Ultrafiltr.ates of Various 
Tites of Rat Livers* 

T^te of liver 


Control* 


Control 

Ilepntoma 

hepatomnt 

Fetal 

Regenerating 

00 

0-5 

00 

20 

100 

00 

5 

80 

15 

GO 

so 

0-5 


5 

80 

GO 

0-5 


5 


00 

0-5 


IS 


80 

0-5 




GO 






• Encli Bsurc represents a determination on a single liver. An arbitrary 
color standard set at 100, and the ficurcs have meaning only in relation 
to one another. 

, t This term signifies the grossly nonmalignant portion of n liver contain- 
ing n hepatoma. 

ric results could be roughlj’’ quantitated and are 
summarized in Table 4. The figures suggest that 
the sulfhydrjd concentration of the hepatoma is 
less than that in the normal livers, in regenerating 
liver, and in the nonmalignant part of the hepa- 
toma-containing livers. The sulfhydryl concentra- 
tion of the fetal livers was, however, only slightly 
higher than that of the hepatomas. It thus ap- 
peared desirable to characterize more closely the 
nature of the sulfhj^dryl-containing comjiounds 
responsible for the nitroprusside test. 

2. Filter-paper chromatogramx . — Such chromato- 
grams of ultrafiltrates of normal livers, prepared 
according to Consden, Gordon, and Jlartin (7), 
indicated the presence of glutathione in consider- 
able concentrations and a relative paucity of 
c.vsteine. 

3. Glporalase method . — The glyoxalase method 
of Woodward (29)'' was then used to quantitate the 
concentration of reduced glutathione. The results 
of these studies are recorded in Table 5. 

The points of interest are the low glutathione 
concentrations of the hepatoma nodules and of the 

® The dihydroxyaccloiie from which raethylglyoxal was 
preparcel was kindly furnished by Drs. Fritz Lipmann and 
C. B. Anfinsen. 


fetal livers. Tims the low cathepsin-activating 
ability of the hepatomas appears to fit well with 
their low, reduced glutathione concentrations. 
This explanation cannot, however, hold when a]i- 
plied to the fetal liver ultrafiltrates. In the latter 
case there is a high cathepsin-activating ability 
but a low reduced glutathione concentration. 

The possibility was considered that the gluta- 
thione might be present in oxidized form in the 
hepatoma and thus not be detectable by the glj’’- 
oxalase method, which measures only reduced 
glutathione. To test this possibility, the electrolytic 
reduction method of Dohan and Woodward (8) 
was set up. By this method glutathione in the 
oxidized form is reduced and then tested as before 
by the glyoxalase method. It was found that very 
little oxidized glutathione was present in the 
hepatomas tested, and that this, therefore, could 
not be the explanation for the low concentrations 
of glutathione found in the hepatomas. 

TABLE S 

Glutathione Concentration of Various Tites 
OF ULTRiVFILTRATES* 


Control 

Rcgenernting 

liver 

liver 

0.093 

0.117 

.078 

,108 

.110 

.058 

.125 

0.050 

.091 


.080 


.071 


.118 


0.085 



0,095 0,083 


Fetal 

Control- 


liver 

Iiepatomat 

Hepatoma 

0.013 

• 0.079 

0.018 

.020 

.112 

.000 

.018 

.071 

.005 

.033 

.093 

.003 

0,018 

.117 

.011 


0.008 

.009 

.009 

.0.38 

.013 

.020 

.009 

.003 

.000 

.000 

0.003 

0.020 

0.090 

0.010 


• Figures inilicntc nullipTains glutathione per O.l cc. of ultrafiltrate, 
t Nonmalignant part of liepalotna-conlaining liver. 


4. Svifoxalicylic acid Jiltrafex . — In order to check 
on the possibility that ultrafiltration through the 
Cellophane bag might introduce some unexpected 
artifact with respect to the glutathione concentra- 
tions of the A'arious groups of livers, a series of 
sulfosalicylic acid filtrates of control livers and 
hepatomas were run in parallel on the same livers 
from which the ultrafiltrates were prepared. The 
glutathione concentrations were in satisfactory 
agreement by use of the two independent methods. 


DISCUSSION 

In order to bring the result into focus with cur- 
rent conceptions (2G. 23) of protein metabolism 
within a living cell the following diagrams are pre- 
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sented (cf. Fig. 4). In a normal adult cell (.V) in 
nitrogen equilibrium (7.). protein i.s being synthe- 
sized at a rate (.1) similar to that (/?) at which it 
is being degraded. There is thus no net change in 
the intracellular i)rotein concentration. In a 
malignant cell (d/), ])rotein may either be .synthe- 
sized at an accelerated rate {2.). degraded at a flc- 
creased rate {■}.), or both asi)ccts of the jirocc.ss 
may be affected (.}.). 

There are at least .‘5 families of enzymes which 
appear to be concerned in ])rotcin and jicijlide deg- 
radation within cells: (n) the cathepsins, active 
at weakly acid pH’s: {b) the i)epti<iases. active at 
neutral and .slightly alkaline pH's; and (c) the 
more ob.scurc dehydropej)tida.scs. 'I'lic prc.scnt c.v- 
periments .suggest that the concentration of cath- 
epsin activators may be decreased in the hepa- 
tomas. Thus the jirescnt rc.sidts arc consonant with 
either situation (.J.) or (.}.). 

AYe have recently (.“tS) found C'Eljibelcd alanine 
to be incorporated into the jiroteins of primary rat 
hepatoma slices more rapidly than into the pro- 
teins of normal liver slices. These data imply an 
increase in the rate of protein .synthesis in the 
hepatoma in vitro but give no information on the 
rate of protein degradation. In summary, thc.se 
two fragmentary' pieces of evidence, therefore, sug- 
gest that situation (.{.) (Fig. 4) may be the correct 
one for this type of hei)atoma. It is, of course, jios- 
sible that either situation (2.) or situation (.{.) 
(Fig. 4) may apply for other tumors. 

The question as to wlicther the catheptic en- 
zymes play a role in j)rotein si/nlhrsis within the 
cell, as well as in protein degrjidation, has, of 
course, not been .settled. Uecent work from several 
laboratories (4, 0, 10, 2.‘5), however, favors the 
point of view that a different set of eir/.ymcs is in- 
volved in protein .synthesis from those concerned 
with protein degradation. 

The data on fetal livers require special com- 
ment. Since the glutathione concentration i.s low 
but the cathepsin activjitor conccntnition high in 
tlic ultrafiltrates of fetal liver, there must be .some 
.substance other than glutathione re.spon.sible for 
this high order of activation. The nature of .such a 
hypothetical substance i.s unknown. 

It has been pointed out recently (22) that the 
glutathione concentration of nit livers deiiends on 
the diet fed. In the jire.sent experiments, animals in 
all groujis except fetal had been on the .same con- 
trol diet for 2 months, prior to .sacrificing, which 
minimizes the ])ossibilily that variations in diet 
might have aflcctcd the glutathione conceutralions 
of the .several groujis. 

The glutathione concentration of normal and 
malignant tissues has been the subject of consider- 


able study, as jiointcfl out in a recent review (28). 
Fewer conijiarisons. however, have been made be- 
tween glutathione concentrations of malignant 
ti.s.siics and their homologous normal countcrjiarts 
(14. HI. 20). The prc.scnt findings arc in qualita- 
tive agreement with those of Kinosita (20) ami 
Grccnslein (HI). The glutathione concentration in 
the hepatomas in the jircscnt cxiieriments is. how- 
ever. lower than that found by the.se investig.'itors. 
'Phis point, therefore, ref|uires a wonl of cxqilana- 
tion. The experimental details differed in .several 
important re.siiccts in the three investigations: 
(a) .strain of rat: (h) ii.se of primary hepatoma 
nodules in the jire.sent exjicriments as against 
trjin.s])lanlcd hejiatomas in Greenslcin's exjieri- 
ments; (r) use of the more sjiccific glynxalase 
method for dctcrniining glutathione in the jirc.scnt 
cxjieriment.s; and (d) jiossibility of a greater 
ainount of necrosis in the hejiatomas used in the 



(2) (3) (4) 


I'ic. 4. — I’riilcii) mrInliiiliMn in luinii.T) nml m.illpn.niil n-Ib 

prc.scnt exjicrimcnt. In the necrotic jiortions of 
tumors the suUhydr.vl conccntnition is rejiorteil 
(HI) to flrop nearly to zero. We have been careful, 
therefore, to choose only the jierijiheral. grossly 
non-necrotic jiortions of the hejiatoma mnlules for 
study. Pieces from each hejiatoma were .saved for 
histological study. While there was microscojiic 
cvidcuee of some degree of necrosis jiresent in near- 
ly every hejiatoma, necrosis was inconsjiicuous in 
all but a few sections studied. 'Phis latter seems, 
therefore, to be an imlikel.v exjilanalion of the 
ghilathionc differences. 

'Phe jirimary hejiatoma was used, since it af- 
fonis the advantage of jiroviding both malignant 
and control ti.ssiie of the same genetic origin, grow- 
ing under .similar environmental circumstances. 

In a jirevious pajier (III) the activit.v of catheji- 
lie eu'/.ymes in IK) jier cent gl.vccrol extracts 
of /Mlimethylaminoazobenzcnc-indnced jirimar.v 
hejiatomas was studied. In .such cxiieriments 
cysteine was invariably added to the lest .solutions 
in order to jirovide maximal activation of the en- 
z.vnies. 'Pirns the exjierimenls were designed to 
uiieover jiossibic differences in the concentration 
of tiie jirotein jiarl of the enzymes in the hejia- 
tomas and control livers. Under the.se conditions 
the activit.v of calhejitic tr.vji.sinase (ben/.o.vlar- 
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gininamidase) was found to be increased in the 
hepatoma. In the present experiments the focus 
has Ijeen directed toward the other side of this 
problem, namely, the concentration of cathepsin 
activators in hepatomas as compared with control 
livers. Thus in the hepatoma there is an increased 
concentration of the protein part of a catheptic 
enzjmie but a decreased concentration of the ac- 
tivator of that same enzyme. 

SUMMARY 

The cathepsin-activating abilitj' of ultrafil- 
trates prepared from hepatomas has been found to 
be considerablj^ less than that of various types of 
control livers. Since sulfhydryl groups are the 
most common cathepsin activators found in tis- 
sues, we have looked for a possible correlation of 
the above finding with the glutathione concentra- 
tions of the hepatomas. The hepatoma ultrafil- 
trates had both the lowest glutathione concentra- 
tions and the least cathepsin-activating power. 
The fetal livers, however, had a low glutathione 
concentration but the greatest cathepsin-activat- 
ing ability. It is evident, therefore, that the cath- 
epsin may be activated by more than one tissue 
component. 

Glutathione appears (in the normal liver, in the 
regenerating liver, and in the hepatoma) to be a 
major cathepsin-activating agent and to be par- 
ticularly low in the hepatoma. It is thus possible 
that the increased growth rate of this type of 
hepatoma may be related to a decrease in the con- 
centration of the glutathione component of one of 
its protein-degrading mechanisms. 
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A Chemical Investigation of Keratin and Carcinomas 
Deriving from Rabbit Papillomas (Shope) * 

Henry W. Scherp, Ph.D., and Jerome T. Syverton, M.D.f 


{From the Department of Bacteriology, University of Bochester School of Medicine and Dentistry, Rochester 7, New York) 


In 1933, Shope (14) described a virus-induced 
papilloma occurring naturally in the cottontail 
rabbit (genus St/lvilagiis) and transmissible to the 
domestic rabbit (genus Orydolagiis). Later, Rous 
and Beard (13) found that the experimentally in- 
duced papillomas in domestic rabbits often pro- 
gressed to carcinomas; and Syverton and Berry 
(16, 17) observed the same phenomenon in cotton- 
tail rabbits. Because of its possible significance for 
the pathogenesis of mammalian cancers in general, 
this virus-induced papilloma-to-carcinoma se- 
quence aroused wide interest and has been the sub- 
ject of numerous investigations. 

An outstanding feature of the Shope papilloma 
is the production of excessive amounts of keratin- 
ized epithelium, which may develop into enormous 
epithelial horns, sharplj"^ demarcated from the un- 
derlying tissue, i The present communication con- 
cerns some of the chemical properties of this 
“keratin” and also of carcinomas deriving from the 
papillomas in cottontail rabbits. 

Keratinization, or cornification, which reflects 
the ultimate natural alterative change in super- 
ficially situated structures of ectodermal origin, 
yields a wide variety of hard anuclear entities, 
such as horns, hoofs, nails, hair, the outer layers of 
scales, feathers, and horses’ burrs. The same proc- 
ess occurs excessively when structures of ecto- 
dermal origin are subjected to unusual stress. Thus 
callosities result from excessive physiological stress 
and hyperplastic keratoses from physical or chemi- 
cal agents, such as prolonged exposure to sunlight 
(8). and from carcinogenic agents (9). More strik- 
ing, perhaps because of the abnormal and irregular 
features, are the bizarre manifestations of the proc- 
ess of keratinization which occur during the patho- 

* This investigation was aided by a grant from the Jane 
Coffin Childs ^lemorial Fund for Medical Research. 

t Now located at the School of Medicine, University of 
^linnesota, Minneapolis, Minnesota. 

‘ As e.xamples of the size attained by virus-induced papillo- 
mas on the cars of rabbits, we have observed two specimens 
that measured 13 cm. in length and more than 3 cm. in 
diameter and two others that measured more than 10 cm. in 
diameter and G cm. in length. 


genesis of epitheliomas. For example, keratinized 
“pearls” are regularly present in cystic papillomas 
and acanthomas. 

It has long been customary for histologists to 
employ “keratinization” as a descriptive term in 
the process of development of all corneous excres- 
cences and to designate the resulting substance as 
“keratin,” irrespective of whether the product was 
a horn, hoof, callosity, or nail. Modern chemical in- 
vestigations, however, have made possible a sepa- 
ration into two main categories: eukeratin and 
pseudokeratin. Block and Vickery (2) revised the 
chemical criteria for the characterization of kera- 
tins when they stated: “A keratin is a protein 
which is resistant to digestion by pepsin and tryp- 
sin, which is insoluble in dilute acids and alkalies, 
in water and in organic solvents, and which, on 
acid hydrolysis, yields such quantities of histidine, 
lysine and arginine that the molecular ratios of 
these amino acids are respectively approximately 
as 1:4:12.” Subsequently, Block (4) was respon- 
sible for their separation when he presented evi- 
dence that “the proteins of ectodermal origin fall in- 
to two main groups, eukeratins and pseudokeratins. 
The eukeratins are insoluble and resistant to diges- 
tion by pepsin and trypsin and jdeld histidine, ly- 
sine and arginine in molecular ratios of approxi- 
mate ’y 1 :4:12. The pseudokeratins appear to be 
somewhat more soluble and less resistant to enzy- 
matic digestion and yield relatively more histidine 
and less arginine than the eukeratins.” 

The pseudokeratins anatyzed at that time con- 
tained histidine, lysine, and arginine in average 
molecular ratios of 1:3:3. In more recent studies, 
ratios of 1:4:6 were found (6), and it was also 
stated that “from 25 to 60 per cent of the peudo- 
keratins is often dissolved by treatment with pep- 
sin and trj'psin.” According to the foregoing cri- 
teria, representative eukeratins are various animal 
hairs, fingernails, and cattle horn, and representa- 
tive pseudokeratins are human skin, neurokeratin, 
and horses’ burrs. 

The present experiments indicate that the horny' 
excrescence formed in rabbit papillomatosis 
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(Shope) must be classified with the pseudokera- 
tins: its water-insoluble protein was from 32 to 51 
per cent soluble in sodium hydroxide at pH 12; 
was insoluble in hydrochloric acid at pH 1; was 
from 57 to 87 per cent digested by pejisin at pH 1.8 
or trj’psin at pH 7.9; and contained histidine, ly- 
sine, and arginine in average molecular ratios of 
1:2.3: 2,5. 

For comparison, specimens of the carcinomas 
that arose secondary to the initial virus papillomas 
in G cottontail rabbits were analyzed for the basic 
amino acids, to determine whether these occurred 
in ratios that would characterize the tissue. On the 
average, these materials contained relatively less 
histidine and a slightly higher ]jro])ortion of lysine 
to arginine, the average molecular ratios of his- 
tidine : lysine ; arginine being 1:3.3;3.1. These val- 
ues were not deemed, however, to difi’er signifi- 
cantly from those found for the p;ipillonia jiseudo- 
keratin. 

EXPERT lENTAL 

Papilloma. — The keratinized portions of virus 
papillomas (Shope) e.\])erimentally induced on 
domestic or cottontail rabbits were di.sscclcd as 
completely as possible from the mesodermal ti.s- 
sues. Each preparation comprised specimens from 
0 to 9 rabbits. Prejjaration 2, from cottontail rab- 
bits, was dried in racuo over phosifiiorus ])cntoxidc 
immediately after collection; the moisture content 
was 27 per cent. The other prcijarations were 
stored in acetone until used, when the acetone was 
drained off and the tissue dried in raenn, ultimately 
over phosphorus pentoxide. The dried .sainj)Io.s 
were comminuted in a meat-grinder and were .sepa- 
rated by a 40-mc.sh screen into fine iind coar.se 
fractions. 

Ether-extracted samples were ])reparcd in a 
So.xhlet apparatus. For water extraction, .sami)lc.s 
were stirred for 15 minutes in 25 volumes of water, 
while heating in a boiling water bath, and were 
then collected by centrifugation. This treatment 
was repeated three times, .after which the material 
was washed with acetone and dried in rnciin. 

Carcinoma. — Each j)reparation comi)rised mate- 
rial from a single cottontail rabbit. Numbers 1 
through 4 were jjrimary carcinomas that devel- 
oped at the site of experimentally iiuluced virus 
papillomas. Number 5 consisted of metasta.scs in 
the iliac lymph nodes; No. G, of meta.sta.se.s in the 
lungs. The .specimens hatl been stored for various 
periods of time in a refrigerator in 50 ])cr cent 
glycerol and buffered at j)!! 7.0, under vaseline 
seal. Each was extracted three times with approxi- 
mately fifty times its volume of elhyl .alcohol, then 
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treated similarly with ether, and finally dried in 
radio. 

Sohthililn of crude papilloma keratin — The 
“fine” fraction of preparation No, 2 was u.scd with- 
out further treatment. It contained 1.4 per cent 
of ash, calculated as sodium, and 14.7 per cent of 
nitrogen (all determinations of nitrogen were made 
by a micro-Kjeldahl procedure), calculated on the 
anhydrous, a.sh-free ba.sis. Then 250-mg. .samples 
of the air-dry keratin ( = 33.9 mg. of nitrogen) were 
extracted for 24 hours at 23°-2G° C. with 25.0-ml. 
])orlions of distilled water. 0.10 .V sodium hydrox- 
ide, and 0.10 A’ hydrochloric acid. re.sj)cctively. 
The extracts were clarified in an angle centrifuge 
and analyzed for total and nonjjrotcin nitrogen, 
i.c.. nitrogen .soluble in 5 per cent trichloracetic 
acid. Protein nitrogen was calculated as the differ- 
ence between total nitrogen and nonjirotcin nitro- 
gen. 'I’lic results, summarized in Table 1. showed 
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that 11 per cent of the ])rolcin of the crude tissue 
was soluble in distilled water, 47 per cent in the 
.sodium hydroxide, and 23 ])er cei\t in the hydro- 
chloric .acid. Twenty-one ])cr cent of the nitrogen 
of the tissue was nonj)rotcin. a cpiitc high value, 
which suggests tissue breakdown (14). 

Digcstibilitij of crude papilloma keratin. — A jmr- 
lion of 0.500 gm. of the fine fraction of ])rci)aration 
No. 2 was treated with try|>siu (4 ['rU)"" (12) of 

Fairchild tryjjsin ])urificd according to the method 
of An.son and Minsky {!]) in 30.0 ml. of 0.1 M jdio.s- 
phatc bufi'er at ])H 7.8. Another ])ortion of 0.500 
gm. was treated with 0.050 gm. of pci).sin (Alcrck, 
U.S.l’.) in 30.0 ml. of 0.050 A' hydrochloric acid. As 
control.s. .snmi)les of casein (Kahlbamn. ])rci)arctl 
according to llainmarslcn) were treated in the 
identical manner. Higestion was carried out at 
,37. 5° C., sterility being maintainc<l by thymol. 
Samples were wilhdr.awn immediately and after 1, 
3, and 22 hours, and were analyzed for non])rotein 
nitrogen. 'Phe results, summarized in 'I'ablc 2. 
showed that the keratin was extensively digested 
by the enzymes and, in the case of pepsin, .at the 
.same rate as casein. 'I'he more rajjid digestion of 
casein by tryj)sin wasjn-obably attributable to the 
fact that the casein was in solution, whereas with 
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pepsin tlie undigested casein, like the keratin, re- 
mained insoluble. 

SohibiliUj and digcstibilHy of ether- and water- 
extracted papilloma keratin . — Since preliminary ex- 
periments had shown that the crude papilloma 
keratin contained considerable lipid and water- 
soluble material, additional tests of solubility and 
digestibility were made on preparations of the tis- 
sue that had been subjected to extraction with 
ether and hot water (4). One hundred-milligram 
samples of the keratin, dried to constant weight at 
100° C. in. mono over phosphorus pentoxide, were 
extracted for 48 hours at room temperature, re- 
spectively, with 10.0 ml. of O.I N NaOH (final 
pH = 12.0) and 10.0 ml. of 0.15 N HCl (final pH 
= 1.0); and at 37. 5° C. with 10.0 ml. of 0.5 percent 
aqueous pepsin solution (Merck, U.S.P., initial 
pH = 1.9) and 10.0 ml. of 0.5 per cent aqueous 


were carried out by the microbiological method of 
Stokes, Gunness, Dn-j^er, and Caswell (IS). Each 
value recorded (Table 4) represents the mean of 
values determined in duplicate or triplicate at each 
of two or more le^-els of the sample and, in three- 
fourths of the cases, the results of replicate runs. 
The results showed a surprising uniformity in the 
keratins tested, which comprised one batch from 
domestic rabbits (6d) and the “coarse” and “fine” 
fractions of a batch from cottontail rabbits (7d 
and 7e). The average molecular ratios — histidine: 
lysine: arginine := 1 : 2.3 : 2.5— again approximated 
those reported forpseudokeratins (4). Evidently the 
content of the basic amino acids reflected no generic 
difference between tlie keratins, nor did screening 
result in any fractionation. Furthermore, extrac- 
tion with hot water did not change the molecular 
ratios (preparations Gd^, 7dw, 7e,.), although the 
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trypsin solution (Fairchild, initial pH = 7. .9). The 
enzymatic digestions were protected by thymol 
against contamination. The residues were collected 
in an angle centrifuge, washed three times in from 
10 to 15 ml. of water, and dried to constant weight 
at 100° C. in vacuo over phosphorus pentoxide. 
(The weight of the sample minus the weight of the 
residue equals the weight of material dissolved or 
digested, respectively.) 

The results, which are summarized in Table 3, 
confirmed the findings with the crude keratin. Al- 
though the water-insoluble material was not sol- 
uble in the hydrochloric acid, it was from 32 to 51 
per cent dissolved by the sodium hydroxide and 
was from 57 to 87 per cent digested by the en- 
zymes. 

Determination of ba.tic amino acuh . — In an earlj’' 
experiment, papilloma preparation No, 2 was ana- 
lyzed by Block’s procedure (5) for histidine, lysine, 
and arginine, which were found in respective molec- 
ular ratios of 1:4.2:2.9 (Table 4), values approxi- 
mating those that had been reported for pseudo- 
keratins (6). 

With one exception, to be discussed presently, 
all other determinations of the basic amino acids 


residual proteins did contain slightly increased ab- 
solute amounts of the basic amino acids. 

Comparative analyses of six papilloma-induced 
carcinomas revealed a fair degree of uniformity, 
histidine varying from 1.88 to 2.C7 per cent, lysine 
from 5.75 to 7.26, and arginine from 6.17 to 8.10. 
Except for No. 1, the carcinomas contained rela- 
tively less liistidine and a slightly higher propor- 
tion of lysine to arginine. The mean molecular 
ratios correspond relatively closely to those noted 
above for the keratinized portion of papillomas, a 
result that may reflect the common epidermal der- 
ivation of the two types of tissue. 

Comparison of results until previously reported 
analyses of keratins . — In the first of the jiresent 
series of determinations, a sample of ether-ex- 
tracted hair from an albino rabbit was included as 
a control representing presumably a typical euker- 
atin. The amounts of arginine (8.80 per cent) and 
lysine (2.83 per cent) found were in good agree- 
ment with those reported in the most recent com- 
pilation of revised data on eukeratins (7), but the 
value for histidine (1.80 percent) was nearly three 
times the mean value for six tjqies of animal hair 
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(0.65 per cent). The basic amino acid content of 
rabbit hair has not been reported previousiy. 

Because of the discrepancy in the histidine val- 
ue, in later experiments ineas\irement was made of 
the basic amino acid content of the same rabbit 
hair, of rabbit toenails (not ])reviously reported), 
and of human fingernails (3), all j)repared by re- 
peated extraction with hot water and digestion by 
pepsin. This treatment effected a slight reduction 
in the histidine and increases in the lysine and argi- 
nine contents of the rabbit hair. Indeed, the argi- 
nine and lysine contents of ail three specimens 
were somewhat higher than those i)revionsIy re- 
ported for eukeratins, although the molecular ratio 
of arginine to histidine, 2.G, was in good agreement 
with the published figures, which ranged fronr 2.1 
to 3.4, with a mean value of 2.8 for fourteen euker- 
atins (7). The histidine contents, however, were of 
the order of twice as great as expected. 

Since the previousl 5 ’ reported analyses of kera- 


tins for basic amino acids had nearly all been made 
by some variant of the classical Kossel-Kutscher 
procedure (11), it seemed important to anaij'ze one 
of the present specimens by one of these methods. 
Accordingly, a pool of jrreparations Od,,-. 7d„., 7e^ 
was analyzed by Block’s procedure (5). The argi- 
nine value foiiml was 90 j)cr cent of that found by 
the microbiological assay; the lysine value, 96 per 
cent; the histidine value, only 75 ])er cent. Further- 
more, the histidine fraction was not subjected to 
purification by mercury and cojjjier treatments, 
which of themselves may result in an additional 
lo.ss of 25 ])er cent of the histidine present (5). 

'raken together, the foregoing results .supjiort 
the conclusion of Vickery and Winternitz (lO) that 
the various modifications of the Kosscl-Kutscher 
procedure give low values for histidine. That the 
results may be excessively low in proteins of low 
histidine content is indicated by published anal- 
yses of silk fibroin, whose histidine content was re- 
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ported by Vickerj’- and Block (18) to be 0.07 per 
cent, whereas Stokes et al. (15) and Guirard et al. 
(10), using different microbiological procedures, 
found 0.41 per cent. 

SUMMARY 

The horny excrescence formed in virus papillo- 
matosis of the rabbit (Shope) appears to be a 
“pseudokeratin”; its water-insoluble protein was 
from 32 to 51 per cent soluble in sodium hydroxide 
at pH 12; was insoluble in hydrochloric acid at 
pH 1 ; was from 57 to 87 percent digested by pepsin 
at pH 1.8 or trj'psin at pH 7.9; and contained his- 
tidine, lysine, and arginine in average molecular 
ratios of 1:2.3: 2.5. 

In comparison, the carcinomas that arose sec- 
ondary to the initial virus papillomas contained 
relatively less histidine and a slightly higher pro- 
portion of lysine to arginine, the average molecular 
ratios of histidine ; lysine : arginine being 1 :3. 3:3.1. 
The differences, however, are not deemed to be suf- 
ficient to characterize the carcinomatous tissue. 
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Effects of an Antireticular Cytotoxic Serum on the 
Brown-Pearce Carcinoma of the Rabbit"" 

David Movitz, M.D.,t Otto Saphir, M.D., and Alfred A. Strauss, M.D. 

{From the Department of Pathology.i Michael Reese Hospital, Chicago W, Illinois) 


The spleen, representing <a dense portion of the 
reticulo-endothelial system, is apparently capable 
of exerting a defensive reaction to malignancy. 
The comparative rarity of primary splenic tumors 
and of metastases to the spleen (1, 2, 3, -i) directed 
attention to this. Metastases to the spleen occur 
only in association with diffusely distributed 
metastases involving several organs (.5), although 
a recent interpretation of similar data emiihasized 
no significance to this phenomenon (6). Emulsi- 
fied splenic tissue has exhibited an inhibitory ef- 
fect when mixed with tumor upon transplantation, 
particularly with splenic tissue obtained from 
animals either bearing or having recovered from 
a malignancy (7, 8, 9). 

Of various homologous adult tissues grafted 
onto chick embryos simultaneously with hetero- 
plastic tumor, only spleen or marrow prevented 
the usual growth of the tumor (10). The succe.ss- 
ful defense of the chick embryos to heteroplastic 
tumor implants appeared to be associated with 
the stromal reaction which consisted essentially of 
an infiltration of lymphocytes (10). Varying mor- 
phologic patterns of neoplasms, jiarticularly Iheir 
stromal relationships, reflect to some extent their 
biologic degree of malignancy (8, 11, 12). The im- 
portance of the stroma is further emphasized by 
some studies on the mechanisms of x-ray therapy 
of tumors (13, 14). Reticulo-endothelial reaction 
to malignancy is frequently observed in regional 
lymph nodes as follicle and/or reticulum-cell hy- 
perplasia. With more extensive carcinomatous in- 
volvement, a more general reaction is often mani- 
fested by blood cellular changes, s\ich as leuko- 
cytosis, with an increase in both the neutrophiies 
and monocytes and a decrease in lymifiiocj'tes, 
eosinophiles, and basophiles (I.*), 10). 

Additional evidence of defensive reactions of the 
spleen and other jiarts of the reticulo-endothelial 
sj'^stem to neoplastic growth is obtained from 
experiments with animals either splenectomized 
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(17, 18. 19) or having their reticulo-endothelial 
.system blocked by tl-ypan blue or carmine (20, 21, 
22, 23). as these procedures, projterly done, were 
associated with either enhancement of malignancy 
or loss of tumor immunity. 

Functionally, the reticulo-endothelial .system is 
depres.sed in human beings and animals with 
malignancy, as is indicated by the Congo red index 
(24) or indirectly by the effect of administering 
certain extracts of their blood upon the Congo 
red index of normal test animals (2.5, 20. 27). This 
depression also occurs following successful tumor 
transimplantation (20), carcinogenic x-irradiation 

(28) , or ai)plication of carcinogenic hydrocarbons 

(29) . Noncarcinogcnic hydrocarbons similarly ap- 
plied do not de])re.ss the reticulo-endothelial dyc- 
absorbing function (30). 

To augment or stimulate the defensive reac- 
tions of the reticulo-endothelial system against 
malignancy, .several general methods have thus 
far been used, including .splenic tissue extracts (17, 
31, 32, 33, 34, 35). Concentrated homologous 
normal .sj)leen extracts (33), and ])articularly an 
extract of .spleen from tumor-regressed animals 
(34), a])])ear to be unusually effective. Heterol- 
ogous splenic extract has been administered with 
success to human beings with basal cell carcinoma 
(.3.5). Extracts of liver (3.5), fetal .skin (3(i), or 
human conneetive tissue (37) have also been used. 

A second general method augmenting the de- 
fensive reaetions of the reticulo-endothelial .system 
to malignancy has been the application of tumor 
antibodies. Homologous Brown-Pearce tumor 
antibodies, develoi)etl by inlrapcritoneal injec- 
tions of a saline extract of the tumor, suppressed 
the growth of intramuscularly iinjjlanted tumor 
fragments incubated in the .sjjecific antibody-con- 
taining immune serum prior to their tran.s])lanta- 
tion (38). Administration of a .si>ecific tumor anti- 
serum to rats with Murjihy rat lymi)hosarcoma 
resulted in a greater incidence of regressions (39). 

•\lso, reticulo-endothelial mechanisms occurring 
in certain inflammations a])i)ear to be effective 
against a variety of lesions, including carcinoma. 
Various neoj)lasm.s in man have been rei)ortcd to 
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have regressed during or subsequent to acute 
bacterial infections, particularly erysipelas, as first 
observed by Fehleisen (40). Bacterial toxin treat- 
ment, consisting of various prepared mixtures of 
toxins of the Streptococcus erysipclatm and of the 
Bacillus prodigiosns (41, 42), has given way to the 
purified tumor-toxic fractions of the B. prodigiosns 
(4.3, 44) Experiments with the anti-tumor toxin 
of Schizotrijpanmn cruzi by Roskin have indicated 
that, by itself, it is not effective upon the tumor 
because trypan blue blockade of the reticulo-endo- 
thelial system rendered the toxin ineffective (4,5). 

Attempts to stimulate the reticulo -endothelial 
system directly by a reticulo-endothelial cytotoxic 
serum followed certain fundamental develop- 
ments. First was the elicitation and demonstration 
of tissue-specific serum antibody cytotoxins 
agains. tracheal epithelium of cattle by Von 
Dungern; these cytotoxins were found also to be 
species specific (46). Next Metchnikoff demon- 
strated that, with minute doses of a cytotoxin, 
stimulatory instead of cytotoxic effects may be 
obtained (47). More recently Chew, Lawrence, 
and Stephens observed marked depression of pe- 
ripheral blood and tissue leukocytes following ad- 
ministration of a certain dosage of antileukocytic 
serum to guinea pigs (48). Finally, the application 
of established principles of serologic titration by 
complement fixation to a tissue antiserum was 
made by Marchuk (49), who did this with a 
combined spleen and marrow-tissue antiserum, 
designating it as “anti-reticular cytotoxic serum.” 
Using this antiserum, Bogomolets reported that 
either an enhancement or an inhibition of carci- 
noma resulted, depending on whether relatively 
large or small doses were administered (50). 

Poraerat and Anigstein, having produced a 
similar antiserum, confirmed by in vitro study 
both its tissue and its species specificity. Its 
specific inhibitory action on spleen tissue in cul- 
ture occurred with dilutions of homologous anti- 
serum up to 1:20 (51, 52). The Walker rat 
sarcoma 319 in conjoint tissue culture with splenic 
tissue grew unimpeded. This sarcoma in culture 
with the homologous antiserum grew unimpeded 
in serum dilutions above 1 :4 but was impeded in 
serum dilutions up to and including 1:4. The addi- 
tion of the antiserum to a conjoint tissue culture of 
sjjleen and the sarcoma, however, resulted in dis- 
tinct tumor inhibition in as high serum dilution as 
1:256 (53). Pomerat and Anigstein further ob- 
served that relatively large doses, 0.5 cc., of the 
reticulo-endothelial immune serum administered 
to Bartonella carrier rats resulted in a recurrence 
of the Bartonella infection, as also occurred with 


trypan blue blockade of the reticulo-endothelial 
system or by splenectomy (54). 

Miale, studying dog spleen antiserum, observed 
upon its administration to dogs both a relative and 
an absolute increase of the mononuclear cells in the 
peripheral blood, which began 24 to 48 hours fol- 
lowing the first injection and gradually returned 
to the base level within 20 daj^s (55). Using the 
capaeity for absorption of stain by histiocytes as 
an index of reticulo-endothelial activity, Proven- 
zale observed that the greatest number of histio- 
cytes per microscopic field were filled with stain in 
sections from spleen, marrow, liver, and lymph 
node from rabbits given antireticular cytotoxic 
serum, as compared with rabbits given an anti- 
muscular cytotoxic serum or normal serum (56). 

EXPERIIMENTAL EFFECTS OF ABC' 
SERUM ON THE BROWN-PEARCE 
CARCINOMA 

The antineoplastic properties of antireticular 
cytotoxic serum were investigated in vivo by us 
with rabbits implanted with Brown-Pearce carci- 
noma. This carcinoma has already been influenced 
by various procedures: immunity to the tumor 
was attained following intracutaneous tumor im- 
plantation (57); successful transplantation was 
prevented by first incubating the tumor fragments 
in immune serum (38) ; and its malignancy was 
lowered by exposing the tumor-bearing rabbits 
either to continuous illumination or to continuous 
darkness (58). Moreover, enhancement of its 
malignancy has been observed following adminis- 
tration of trypan blue (22). total ablation of the 
thjwoid gland (59), or interruption of the cervical 
sympathetic chain (60). Abrogation of immunity 
to this tumor has been accomplished by trypan 
blue administration (23). 

The Brown-Pearce carcinoma of the rabbit 
ordinarily exhibits a distinct natural variation in 
its degree of malignancy when transplanted into 
similar rabbits simultaneously, malignancy vary- 
ing from rapidly fatal to slowlj^ growing or even 
completely regressive (61). Thus this neoplasm 
lends itself to experimental changes. Furthermore, 
a well-mixed tumor suspension, with obviously 
identical growth potentialities throughout the sus- 
pension, when simultaneously tran.splanted into 
similar rabbits in equal quantity and into the 
same type of tissue (testis) will reflect the various 
degrees of resistance to the tumor by the resulting 
degree of malignancy in these rabbits. Though we 
used hybrid rabbits, the controls as well as the 
serum-treated were apparently similar hyijrids. 

' .\RC=.nntireticular cytotoxic. 
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The validity of using hybrids is elucidated in the 
discussion. 

The serum was made by the intravenous ad- 
ministration of increasing doses of normal spleen 
and marrow suspension-extract in saline to a dog 
at 5-day intervals until the complement fixation 
titer was at least 1 :80 (C2). 

Nine consecutive experimental series were con- 
ducted, each consisting of ten or twelve hybrid 
male rabbits with positive intratesticular trans- 
plants of the Brown-Pearce carcinoma. The 
rabbits in each series were about equally divided 
into a serum-treated and a control group. 

PROCEDURE OF TR.VNSPLANTATION 

Tumor tissue was obtained under asejitic pre- 
cautions through an abdominal incision from a 
previously transplanted rabbit. This was well 
minced and then emulsified through a tissue press. 


tripled in quantity. In the last three series each 
dose of serum was the same and was administered 
at 7- to 9-day intervals. Administration of the 
serum was begun as soon as the tumor appeared 
established, usually on the fifth to tenth day fol- 
lowing the transimplantation, except for Series II 
and III. In Series II the serum was begun simul- 
taneously with the transplantation, and in Series 
III the serum treatment was com]>leted 1 week 
prior to the transplantation. All serum was ad- 
ministered snbcutaneonsly in the back and, for 
accuracy of dosage, in dilutions of saline ranging 
from 1:10 to 1:1000, depending on the undiluted 
dosage which ranged from 0.0001 to 0.27 cc. The 
.serum dilution was always made immediately 
prior to administration. The controls received no 
injections whatever. 

The essential data consist of (1) the duration of 
.survival fpllowing the tumor transimplantation 


TABLE 1 

MALIGX.VNCY GU.VDING .\S DKTKUMI.VF.D liVTU.MOIt DlSTItini'TIOX 


Tii-sue involved I.cvel 

Teste.s and peritoneum along vas 1 

Plus great omentum 2 

Plus parietal peritoneum (wall and dia- 
phragm) and serosa 3 

Plus liver 4 

Plus kidney 5 


Sufficient sterile normal saline was added to render 
the emulsified tumor tissue adequately fluid for 
delivery through a syringe and an 18-gauge needle. 
The quantity of saline necessary varied somewhat. 
The ratio of tumor to saline in one .series, for ex- 
ample, was 2.5 gm. of tumor to 1 cc. of saline. 

The tumor suspension was injected into both 
testes of all the rabbits of a series, 2 cc. of the 
tumor suspension being injected into each testis. 
During the injection, a small quantity of the sus- 
pension was felt by palpation to be escaping into 
the peritoneal cavity. As a result, the tran.si)lanta- 
tion was principally intratesticular and to a minor 
extent also intraperitoneal. 

Following transplantation the rabbits were 
placed in their cages in the animal room, which 
had windows on two sides and was constantly 
ventilated. The diet consisted of liberal portions 
of hay, grains, and cabbage. The testes were ex- 
amined daily until the tumor appeared grossly to 
be growing within at least one testis. This occurred 
in from 5 to 10 days. The rabbits with tumors 
were then separated more or less equally into a 
serum-treated and a control group. 

The serum in the first six series was adminis- 
tered in three doses, at about 48-hour intervals, 
with each successive dose being approximately 


Ti-i^lic invoivcil Level 

Plus lung (mncroscopic) (> 

Plus mediaslinum 7 

Plus myocardium and pericardium 8 

Plus spleen 0 

P/h.v adrenal 10 


(2) the level of malignancy as based on tumor dis- 
tribution found at necropsy, and (.8) percentage of 
regre.ssions. Degrees or levels of malignancy of this 
tumor were originally noted by Brown and Pearce 
(01) and by Pearce and Van Allen (58. 00). They 
defined three general levels of malignancy, the 
more difl'use distribution of the tumor as the more 
highly malignant. In the course of our Series I. it 
became apparent that the distribution of the 
tumor among the controls differed markedly from 
that among the sernm-treated. These serum- 
treated animals, which also had died earlier, pre- 
sented a much more diffuse distribution of the 
tumor. Thereupon, need for detailed biologic grad- 
ing of the malignancy became apparent and was 
.set uj) accordingly. High degree of malignancy aj)- 
pcars to consist of an orderly successive involve- 
ment of organs by the tumor, as indicated in 
Table 1, correlating fairly well with duration of 
survival. 

All the rabbits dying with tumor jiresented in- 
volvement of at least the testes and the perito- 
neum. The peritoneal regions presenting tumor 
were, first, along one or both vasa, then upward 
upon the great omentum and, third, on the ab- 
dominal side of the diaphragm, the mesentery, the 
parietal peritoneum, and frequently the serosa. 
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These various involvements are graded 1, 2, and 
3 (Table 1). 

Microscopic involvement of the lungs was noted 
in practically all the rabbits, even with the rela- 
tively low malignancy levels of 3. jMacroscopic 
lung nodules, However, were found only in those 
tumor rabbits with a much higher level of malig- 
nancy — in those with at least liver and kidnej' 
involvement also. 

Involvement of the liver in addition to the 
peritoneal surface was graded 4. With the kid- 
ney involved additionally, a level of 5 was des- 
ignated. If in addition to involvement of the pre- 
ceding regions the lung presented gross tumor 
nodules, a level of 6 was designated. Higher levels 
are further indicated in Table 1. All organs were 
examined histologically. 

Occasionally an organ in the successive order 
of malignancy levels was found not io be in- 
volved. The total level of malignancy was then 
considered to be one degree less. Very occasional- 
ly, two or three organs were “missed,” and there- 
upon the grading was reduced by the number of 
levels omitted. 

This grading is apparently consistent also with 
the observations of Foulds, who found that trypan 
blue administration to rabbits with Brown-Pearce 
carcinoma was followed by a much higher inci- 
dence of metastases to the lungs, liver, and spleen, 
particularly the latter (22). Also in man, when the 
spleen is involved with metastatic carcinoma, it is 
only in association with diffusely distributed me- 
tastases to other organs, such as lung and liver (5), 
indicative of a highly malignant state. 

Differences between serum-treated and control 
animals are Amlid only within each series, inas- 
much as the degree of malignancy of this tumor 
appears to vary with the season and the weather 
(61). Also, since the quantity of exposure to light 
appears to influence the degree of malignancy of 
the Brown-Pearce carcinoma (58), the rabbits in 
the two groups of each series (serum-treated and 
controls) were so arranged in their cages in the 
animal room that approximately equal intensity 
and duration of natural and artificial light fell 
upon all animals of each series. In each series 
one group of hybrid rabbits was set up against 
a similar control group. The narrow range of 
malignancy levels occurring in each series, par- 
ticularly of the control groups, attests to the ade- 
quate control of the various experimental factors 
— even to the extent that often a distinct variation 
in the levels of malignancy did not occur. 

Though the levels of malignancy, for con- 
\-enience. are indicated in numerical terms (Table 


1) and averages of groups are calculated with these 
numbers, differences in malignancy between rab- 
bits or groups of rabbits are not at all quantitative 
but, rather, qualitative. Thus a level of 7 is not 
twice as malignant as 3.5 but indicates involve- 
ment of certain organs in addition to the peritoneal 
surfaces. Statistical analysis does not lend itself to 
qualitative differences, and thus small numerical 
differences are more significant than would he 
indicated on a quantitative basis. From another 
point of view the concept which is suggested is 
that of relative organ resistance or susceptibility 
to metastatic neoplasm. 

From theoretical considerations gained from 
each experimental series and applied to succeeding 
series for their testing, it appears that the dosage 
of the serum plays an essential role in the result, 
thus apparently confirming the observations of 
Bogomolets (50), of Strauss, Horwitz, Levinthal, 
Cohen, and Runjavac (64), and of Miale (55), and 
lending further support to the original attempt by 
Metchnikoff to stimulate cellular proliferation 
with minute doses of a cytotoxin (47). The interval 
of administration of any particu’ar dosage also 
appears to be important. 

SERIES I, II, AND III 

In Series I, following establishment of the 
“testicular” tumors 9 days following transimplan- 
tation, four rabbits were given the antireticular 
cytotoxic serum and five served as controls. Three 
doses — 0.03, 0.09, and 0.27 cc. — freshly diluted in 
1 ; 10 saline, were administered subcutaneously at 
48-hour intervals. An apparent enhancement of 
the malignancy occurred following administration 
of the serum (Table 2). The administered dosages 
were thus considered cytotoxic. 

In Series II the serum administration was begun 
1 day after transplantation of the tumor. Half the 
twelve animals received three do.ses — 0.01, 0.03, 
and 0.09 cc. — in 1 : 10 saline, at 48-hour intervals. 
This is one-third the dosage given in Series I, re- 
duced because the previous dosage appeared cyto- 
toxic, but still in the range of hundredths of a 
cubic centimeter. An apparent enhancement of the 
malignancy again occurred among the serum- 
treated (Table 3). The earlier administration of 
the serum, almost simultaneous with the trans- 
plantation, did not appear to alter its effects. 

In Series HI the three doses of serum u'ere com- 
pleted I week prior to the tumor tran.splantation. 
The dosages and intervals were the same as in 
Series II, and again a cytotoxic effect was a])- 
parently obtained, though less striking (lable 4). 
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SERIES IV, V, AND VI 

Because the doses of serum in the first three 
series — 0.01 to 0.27 cc. — were apparentlj’’ cj'to- 
toxic and resulted in enhanced malignancy, the 
dosage of the serum in the next three series — 
Series IV, and VI — was reduced in general to 
one one-hundredth (1/100) of the previous 
quantities used. 

In Series IV the transplanted tumors ap- 
peared established 10 days after the transplanta- 
tion, and thereupon three doses of serum were 
given to half the animals at 48-hour intervals. The 
three doses were 0.00015, 0.0003, and 0.0009 cc., 
respectively, given in 1 : 1000 saline, freshly di- 
luted. Again the serum-treated exhibited a higher 
malignancy. 

Serum administration to half the rabbits of 
Series V was begun on the tenth day following the 
transplantation, at which time the tumors ap- 


peared established. Three doses — 0.0003, 0.0006, 
and 0.0009 cc., respectively — were given subcu- 
taneously at 3- to 4-day intervals in 1 : 1000 saline. 
No significant difference was noted between the 
serum-treated and the controls. The malignancy 
levels averaged 3.75 and 3.5 for the two groups. 
The average survival times in the two groups were 
34.5 and 30.5 days (T.able 5). 

Similar management of ten tumor rabbits in 
Series VI again resulted in no significant differ- 
ence between the serum-treated and the controls 
(Table 9). 

In view of the exjjerience with Series I’ and IT, 
the doses of the serum ranging from 0.0001 to 
0.0009 cc. were considered too minute to have an 
effect and thus were considered to be noneffective 
doses. In contrast, the doses given in the first three 
series, ranging from 0.01 to 0.27 cc., consistently 
enhanced the tumor malignancy and thus were 
considered to be cytotoxic doses. 


table 2 

Series I 



Seruji-treated 



CoSTROLM 


Rabbit 

Mnlisnancy 

Days of 

Rabbit 

Malipnancy 

Days of 

no. , 

level 

survival 

no. 

level 

.survival 

104 

7 

20 

112 

.3 

20 

107 

7 

22 

102 

.3 

27 

111 

7 

24 

108 

3 

43 

101 

7 

27 

106 

3 

44 




109 

5 

44 

Average 

7.0 

23.2 

Average 

3.4 

36.8 


Itaibbit 

Serum-treated 

Malignancy 

table 3 

Series II 

Days of 

Rabbit 

CoSTROES 

Mnlignanc.v 

Dnys of 

no. 

level 

survival 

no. 

level 

.survival 

121 

8 

10 

118 

3 

17 

117 

6 

21 

120 

3 

17 

122 

6 

21 

120* 

3 

38 

124 

5 

22 

125 

5 

32 

lie 

5 

49 

119 

4 

04 

Average 

0.0 

25.8 

Average 

3.0 

39.0 

• Only rnbbit nol showing microscopic tumor foci in lung. 





TABLE 4 
Series III 



SERUSI-TREATEn 


Rabbit 

Malignancy 

Days of 

no. 

level 

sun-ival 

129 

0 

23 

132 

5 

38 

130 

8 

44 

131 

Immune (natural) 


Average 0 . 3 

35 


Rnbbit 

Controls 

Malignancy 

Days of 

no. 

level 

survival 

139 

5 

08 

1.37 

Regre.ssed 


138 

Regressed 


130 

Immune (natural) 


Av 

crage 5 

08 
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SERIES VII, VIII, AND IX 

A short time prior to the beginning of our 
Series VII, Strauss, Horwitz, Levinthal, Cohen, 
and Ilunjavac reported that a reticulo-endothelial 
cytostimulatory effect was obtained in the treat- 
ment of experimental fractures in rabbits with 
one administration of 0.00125 cc. of the antireticu- 
lar cytotoxic serum (C4). This dosage, 0.00125 cc., 
is approximately one-tenth more than each of the 
noneffective doses given in our Series IV, V, and 
VI and is approx mately one -tenth of each of the 
cytotoxic doses given in our Series I, II, and III. 
Because our problem apparently required counter- 
action to a more or less sustained process-carci- 
noma, more than a single administration of serum 
seemed necessary. 

In Series VII two doses of the serum, 0.00125 cc. 
each, were given, the second 9 days following the 
first dose, both in 1 ; 100 saline dilution. The finst 
dose was administered on the seventh post- 


transplantation day, at which time the tumors ap- 
peared grossly established. Table 6, Series VII 
and Table 9 indicate the results, whieh show for 
the first time in this study a suggestion of a favor- 
able effect by the difference in malignaney levels 
obtained with serum treatment. 

In Series VIII three doses of serum were ad- 
ministered, each 0.00125 cc., at 7- and 9-day inter- 
vals, respectively. The first dose was given on the 
eighth day following the transplantation, at which 
time the “testicular” tumors became grossly estab- 
lished. The results again suggest a favorable effect 
of the serum. The malignancy level of 5.5 (serum- 
treated) as compared to C.8 (controls) was as- 
sociated with a favorable survival time of 40.2 
days for the serum-treated as compared to 29.8 
among the controls. Two regressions occurred in 
the serum-treated group and one -among the con- 
trols (see Table 7, Series VIII, and Table 9). 

In Series IX two doses of the serum, the first 


TABLE 5 
Seiues V 


Rnbbit 

Sehu-m-treated 

Mnlijrnnnry 

Dn.vs of 

Rabbit 

Co.\'Tnoi.s 

Malignancy 

Days of 

no. 

level 

survival 

no. 

level 

survival 

155 

3 

18 

157 

3 

18 

154 

3 

34 

101 

3 

18 

150 

5 

39 

100 

3 

24. 

102 

4 

47 

159 

5 

02 

158 

Regressed 


103 

Regressed 


Average 

3.75 

34.5 

Average 

3.5 

30.5 


TABLE 0 
Series VII 


Rabbit 

SERUM-TRE.tTED 

Malignancy 

Days of 

no. 

level 

survival 

321 

5 

17 

320 

3 

19 

323 

4 

20 

327 

5 

21 

319 

3 

24 

Average 

4.0 

20.0 


Rabbit 

CoSTROLS 

Malignancy 

Days of 

no. 

level 

survival 

328 

5 

15 

324 

7 

19 

320 

7 

20 

329 

7 

21 

322 

8 

22 

318 

5- 

20 


— 

— 

.Average 

0.5 

20.5 


TABLE 7 
Series VIII 


Rabbit 

SERUM-TRItVTEn 

Malignancy 

Days of 

no. 

level 

survival 

341 

0 

32 

342 

0 

32 

339 

9 

41 

340 

1 

50 

337 

Regressed 


338 

Regressed 


Average 

5.5 

40.2 



Co.N'TROUS 


Rabbit 

Malignancy 

Days of 

no. 

level 

survival 

330 

0 

17 

331 

7 

20 

343 

0 

22 

333 

7 

38 

334 

8 

52 

335 

Regressed 


.Average 

0.8 

29.8 
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at 7 daj"s post-transplantation, and the second 
dose 9 days later, were given to the serum-treated 
animals. Each dose was 0.001 cc., given in 1 : 100 
saline dilution. A slightly less malignant course 
occurred among the serum-treated, as indicated 
hy an average 5.2 malignancy level for the serum- 
treated as compared to 6. 1 for the controls, by an 
average survival time of 27.7 days among the 
serum-treated and 21.5 days for the controls, and 
by two regressions occurring among the serum- 
treated, whereas no regressions occurred among the 
controls of this series (Table 8, Series IX; Table 9). 

In summar}% in the first three series, the dosages 
of serum administered ranged from 0.01 to 0.27 cc. 


and controls were 3.5 to 4.0, and the survival 
times of each group within each series were similar 
(Table 5 and Table 9). This dosage was considered 
to be ineffective. 

Continuing by trial and error with respect to 
dosages and intervals in treatment, the dosage 
of the serum in Series VII, VIII, and IX was in- 
creased up to one-tenth of the cytotoxic doses, 
0.001 cc., and in addition was administered only 
every 7 to 10 days instead of at 48-hour intervals. 
An apparent tumor-inhibitory effect was observed 
in the serum-treated groups in these last three 
series (Table 9). In Series VII the serum-treated 
malignancy level was 4.0 as compared to 6.5 for 


TABLE 8 
Series IX 


Rabbit 

Serum-treated 

Malignancy 

Days of 

no. 

level 

survival 

352 

4- 

19 

353 

5- 

19 

354 

9 

24 

350 

3 

49 

351 

Regressed 


355 

Regressed 


Aver.ige 

1 

1 

27 7 


Rabbit 

COSTUOLS 

Malignancy 

Days of 

no. 

level 

survival 

350 

0- 

10 

358 

5 

10 

349 

0 

21 

301 

7 

21 

303 

0 

21 

302 

7 

34 


— 

— 

Average 

0 1 

21 5 


TABLE 9 
Summary 


Serum dosage 

0.01 fo 
0.27 cc. 

0.00015 to 
0.0009 cc. 

0.001 cc. 



Malionancv 

LEt EL 

Days of survival 

IIeores.sioxs (per cent) 


Serum-treated 

Controls 

Serum-treated 

Controls 

Serum-treated 

Controls 

Series 

(average) 

(average) 

(average) 

(average) 

(average) 

(average) 


1 

7 0 

3.4 

23.2 

30.8 

0 

0 


n 

0.0 

3 0 

25.8 

39.6 

0 

0 


,ni 

0.3 

5 0 

35 

08 

0 

66 

I 

IV 

5.0 

3.3 

24 

40.3 

40 

40 

< 

V 

3.75 

3.5 

34.5 

30.5 

20 

20 

1 

,vi 

3.5 

4 0 

26 

24.0 

00 

40 


rvn 

4 0 

0 5 

20 

20.5 

0 

0 


VIII 

5.5 

0 8 

40.2 

29.8 

33 

16 


.IX 

5.2 

0 1 

27.7 

21.5 

33 

0 


Each serum-treated rabbit was given three in- 
creasing doses, at 48-hour intervals. An enhance- 
ment of the malignancy occurred with these 
dosages, as is summarized in Table 9. In each of 
these first three series a higher level of malignancy 
and a shorter survival time were noted in the 
serum-treated groups. Hence these dosages were 
considered cytotoxic, or too large. 

Therefore, in the next three series — Series IV, 
V, and — approximately one one-hundredth of 
the previous quantities of serum was admin- 
istered, the doses ranging from 0.0001 to 0.0009 cc. 
Except for Series I^^, in which the serum-treated 
again exhibited an enhanced malignancy, no sig- 
nificant difference between the serum-treated and 
the controls was noted (Table 9). In Series V and 
^T the levels of malignancy for both serum-treated 


the controls. In Series ^TII the serum-treated 
level was 5.5 as compared to 6.8, and the survival 
time of the serum-treated also was comparatively 
favorable, 40.2 days as contrasted to 29.8 days for 
the controls. In Series IX the malignanc.y level of 
the serum-treated was 5.2 as compared to 6.1 for 
the controls. The difference in survival time, 
though small, is also in favor of the serum-treated, 
27.7 to 21.5 days. Furthermore, the regression 
rates in Series ^TI and VIII also tend to suggest 
a less malignant course following administration 
of the serum. 

DISCUSSION 

Our results would seem further to substantiate 
two concepts. First, neoplasia may be affected by 
retieulo -endothelial tissue, inasmuch as adminis- 
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trillion of a reticulo- endothelial tissue antiserum, 
previously shown to affect reticulo-endothelial 
tissue (51, 52, 55, 56) affected the malignancy of 
the Brown-Pearce carcinoma. Second, a cytotoxic 
serum may be given in doses that apparently pro- 
duce cj'^tostimulation instead of cytotoxic effects, 
although, essentially, a tissue antiserum is cyto- 
toxic and its biologic identification in the past has 
depended on its cytotoxic exhibition. It is clearly 
realized, however, that direct observation of any 
reactions of the reticulo-endothelial system to the 
antiserum were not made. The reactions are pre- 
sumed because cited evidence indicates an inverse 
relationship between stimulative reaction of the 
reticulo-endothelial cells and tumor growth, i.e., 
enhanced malignancy being associated with de- 
pression of this tissue system and, conversely, 
inhibit on of the tumor being associated with a 
stimulated reaction of the reticulo-endothelial sj's- 
tem. In corroboration, the larger doses would 
therefore be depressing or cytotoxic (associated 
with enhanced malignancy), and the smaller 
doses would be related to the stimulation of this 
system and associated tumor inhibition. This ap- 
pears to have occurred. 

The cytotoxic effect (enhancement of ma- 
lignancy) was more easily and clearly obtainable 
in our various series than was the cytostimulatory 
effect (tumor inhibition, as suggested by the re- 
sults of our last three series). The difficulty in ob- 
taining the presumed cytostimulatory effect of the 
reticulo-endothelial system on this carcinoma may 
be surmised from the fact that many and widely 
distributed nodules were present rather than a 
single lesion or one with just a few metastases. The 
relatively short duration of the animal’s life with 
this tumor also indicates its high malignancy. 
Thus it would seem that a cytotoxic effect of this 
serum, with further depression of the reticulo- 
endothelial function upon its administration, 
would be markedly accentuated because of the 
extensive carcinomatous involvement and, con- 
versely, that an attempt to stimulate the functions 
of this tissue system would be hampered by the 
multiplicity of the tumor lesions. 

The levels of malignancy among the controls 
varied somewhat from time to time. In the course 
of the experiments during 1946 the levels among 
the controls were, in general, rather low, varying 
from 3.3 to 4.0, but mostly between 3.3 and 3.6. 
Beginning with the fourth series, higher levels of 
malignancy occurred among the controls and con- 
tinued so for the remainder of the several series, 
varying from 6.1 to 6.8. 

The use of a pure breed of rabbits would seem- 
ingly reduce the average range in the natural 


variations of malignancy of the Brown-Pearce tu- 
mor. A pure strain of rabbits, however, was not 
available. Casey observed variations in the degree 
of malignancy of the Brown-Pearce tumor, by 
statistical averages, between a number of differ- 
ent pure strains of rabbits (63). However, a con- 
siderable range of variation in the malignancy 
within each pure strain occurred, as indicated in 
Fig. 1 of Casey’s report (63). Gorer observed that 
a mouse sarcoma which had arisen in a pure-hreed 
line required very specific genes for its progressive 
growth, which, consequently, limited its succe.ss- 
ful transplantation to this particular pure breed 
or to certain of its hybrids (66). In contrast, 
Casey’s experience indicates that the Brown- 
Pearce tumor, arising presumably in a hybrid 
(“albino male of stocky build”), was readily 
transplantable into, and lethal for, almost all varie- 
ties of pure strains (63) and hybrid rabbits. This 
would indicate a widespread occurrence of the par- 
ticular genes necessary for the progressive growth 
of the Brown-Pearce tumor, although these have 
not as yet been determined. These widely oc- 
curring genes would also tend to obviate the 
necessity for using pure strains. The hybrids used 
in our various series appeared to serve as excellent 
controls, e.xhibiting insignificant variations, par- 
ticularly as regards the narrow range of the de- 
grees of malignancy as noted in the controls of the 
several series. Since Gorer has shown, by trans- 
plantation with the sarcoma arising in a pure- 
breed mouse, that some of the genes necessary for 
the progressive growth of a transplanted tumor 
may be identical with those determining blood 
groupings (66), it is possible that determinations 
of blood groups would be helpful in explaining 
some variations in the degree of malignancy 
among the different animals of a speeies. 

Another in vivo demonstration of obtaining op- 
posite effects with identical reticulo-endothelial 
tissue antiserum simply by varying the dosage was 
made in a study of this serum on experimental 
bone fractures in rabbits bj' Strauss, Plorwitz, 
Levinthal, Cohen, and Runjavac (64). The 
quantity of serum which stimulated healing of 
fractures was 0.00125 cc., given once. This identi- 
cal dosage, though repeated once or twice at 7- 
to 10-day intervals, was the same which we found 
apparently to stimulate reticulo-endothelial proc- 
esses against malignancy. 

Rogoff, Frej'burg, Powell, and Rice reported 
that no effect of antireticular cytotoxic serum was 
obtained when it was administered to rats with in- 
duced pleuropneumonia arthritis (67). Inasmuch 
as the size of the dosage appears to be a critical 
factor, it is interesting to note that the dosage of 
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tlie serum that they employed, 0.00015 cc., was 
the same dosage with which we also could not, in 
general, detect a difference between the serum- 
treated and the controls (Ser. V and 'S’l). 

The variations in levels of malignancy within 
each group (serum-treated and controls) was 
small, fluctuating only slightly. However, marked 
variations in the levels of malignancy in Series 
VIII and IX occurred among the serum-treated. 
This might be interpreted as the result of the dos- 
age of serum being in a critical zone between 
cytostimulatory and cytotoxic, in accordance with 
each individual animal’s reticulo-endothelial re- 
activity to the amount of serum given. This would 
indicate that a reticulo-endothelial functional 
guide, similar in principle to the Congo red index 
test, might be helpful in determining the indi- 
vidual dosage necessary to obtain a reticulo- 
endothelial cj'tostimulatory effect. 

SUMMARY 

Administration of a reticulo-endothelial tissue 
antiserum, previously known to affect reticulo- 
endothelial tissue directly by in vitro tissue culture, 
was followed by definite effects on the degree of 
malignancy of the Brown-Pearce carcinoma in 
viro. Reticulo-endothelial cytotoxic serum may be 
given in doses that apparently produce stimula- 
tion instead of a cytotoxic effect. The cytotoxic ef- 
fect of the serum on the Brown-Pearce carcinoma 
was indirectly and presumably well demonstrated 
in the first three series by producing definitely en- 
hanced malignancy. A dose too minute to have an 
effect was observed in Series V and VI. Finally, a 
mild cytostimulatory effect w’as obtained with 
one-tenth the cytotoxic dose, given at 7- to 10-day 
intervals, as indirectly indicated by the resulting 
tumor inhibition. 
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In vitro Studies on the Effect of Spleen, Striated Muscle, 
and Kidney upon the Growth of Sarcoma 180 
and Mammary Carcinoma of Mice* 
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The raritj^ of metastatic cancer to spleen, stri- 
ated muscle, and kidney has been repeatedly noted 
in the past (1, 7, 29, 40, 63, 76), a fact which sug- 
gests that the malignant cell meets unknown influ- 
ences antagonistic to its survival and proliferation 
in such sites. Cowdry has recently commented 
once again on this enigma, adding: . . it would 
be logical to try the effects of e.xtracts of these tis- 
sues [spleen, striated muscle, and kidney] on ex- 
perimental cancers . . (23). 

Approaches to this problem employing in vitro 
technics have not demonstrated any tumor inhibi- 
tion due to splenic influences. Stevenson (67), 
Danchakoff (24), Lumsden (50), and W 5 degschanin 
(75) have reported observations on growth of neo- 
plastic and splenic tissues in close proximity, either 
in tissue culture or following implantation into de- 
veloping chick embryo membranes. In the several 
rodent carcinomas and sarcomas studied, tumor 
growth and cytology were not influenced by splen- 
ic explants from several mammalian sources, in- 
cluding the tumor donor strain of animals. The 
fact that Rous chicken sarcoma grows well in 
tissue culture with spleen (28) may not be germane 
to this problem, since a virus etiologj^ has now 
been established for this tumor. 

The several m vitro observations on concomitant 
growth of neoplastic and striated muscle tissue are 
not in agreement. Centanni (20) noted growth in- 
hibition of a mouse carcinoma when skeletal 
muscle taken from tumor-resistant mice was added 
to cultures of this tumor but could detect no 
growth suppression upon addition of skeletal 
muscle e.xplants from susceptible mice. In contrast, 
Wylegsehanin (75) reported no antagonistic effects 
due to skeletal muscle in a similar study on a 
sarcoma and a carcinoma from rodent hosts. In 
vitro growth suppression of a rat sarcoma by sev- 
eral digests of bovine heart muscle was observed 
by Roffo (55). Since this worker could detect no 

* This work was supported by a grant from the Committee 
on Growtli, acting for tlie American Cancer Society. 


similar effects from fresh muscle extracts from the 
same source, he attributed the observed inhibition 
of tumor growth to the presence of free amino 
acids in his muscle digests. 

There are few recorded results on tumor growth 
in tissue cultures to which kidney explants have 
been added. Neither Lumsden (50) nor Wyleg- 
sehanin (75) could detect alterations of tumor 
histologj' when a carcinoma and several sarcomas 
from rodent hosts were cultivated with renal tissue 
from tumor-resistant rodents. 

These in vitro findings give no hint as to why 
cancer apparently metastasizes so infrequently to 
spleen, striated muscle, and kidney, and they do 
not lend support to the many favorable reports of 
animal and human malignancy treated with vari- 
ous organ extracts. The fact that such observa- 
tions continue to appear in the literature may indi- 
cate that some workers are unaware of negative in 
vitro and in vivo studies in the past. It seemed of 
interest to reinvestigate these older tissue-culture 
observations and to supplement them by inoculat- 
ing susceptible hosts with tumor explants after 
they had been cultured with these various tissues, 
in order to note in vivo tumor growth as well. To 
our knowledge, such latter observations have been 
made previously only by Stevenson (67) in the 
case of tumor exposed to splenic tissue in vitro. 

MATERLALS AND METHODS 

The studies were made on two commonly em- 
ployed mouse tumors; sarcoma 180 from a Swiss 
mouse host, and a spontaneous adenocarcinoma of 
the breast obtained from mice of the Paris strain. 
Control biopsies were obtained in each case for 
future comparison. Spleen, skeletal muscle, and 
kidney from the same strain as the respective 
tumor donors were used for culture. 

The roller-tube tissue-culture technic of Gey 
was selected to allow intimate contact of tissue 
juices from organ explants with growing tumor 
expiants. A few hanging-drop preparations, using 
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the flying cover slip” method of Maximov, were 
also made; and, when growth in such preparations 
was found to differ in no detectable manner from 
that in the roller tubes, these hanging-drop cul- 
tures were used for making photographic records 
and permanent histologic whole mounts. In all 
studies, chicken plasma clots provided the matrix 
for growth; and chicken embryo extract, Tyrode’s 
solution, and human placental serum mixtures 
supplied nutrient factors. Simms’s ultrafiltrate of 
ox serum (60) was incorporated into the feeding 
solution of the hanging-drop preparations, to sup- 
ply growth stimulants and to suppress fat globules. 

Nonulcerated, firm tumors, approximately 2.5 
cm. in diameter, from 10- to 14-week-old mouse 
hosts, were selected for tissue culture. For each 
tumor a total of 100 viable fragments, 2 mm. 
square, were planted, a quarter of which were 


RESULTS 

No observable alterations of tumor cytologj- or 
growth characteristics over the control observa- 
tions were detected in the two malignant growths 
studied when grown in tissue culture adjacent to 
spleen, skeletal muscle, or kidney explants. Growth 
of the normal tissue explants which were adjacent 
to viable tumor cells resembled that of fragments 
of these tissues grown alone. No less than 84 per 
cent of tissue and tumor explants showed good 
growth in all series throughout the period of tissue- 
culture observations (see Table 1 and Figs. 1-C). 

Following reinoculation of sarcoma 180 into 
susceptible hosts, the percentage of “takes” with 
tumor explants exposed to splenic and to renal 
tissue in culture was lower than the control figure 
observed when tumor fragments cultured alone 
were inoeulated. These percentages do not differ 


TABLE 1 

The Effects of Spleen, Skeletal Muscle, and Kidney on Tumor Growth 

Sarcoma 180 Mammarv andenocarcinoma 



Tumor 




Tumor 




Tissue culture 

nione 

Tumor Spleen 

Tumor Muscie Tumor Kidney 

alone 

'Tumor Spleen 

Tumor Muscle 

Tumor Kidney 

Total e.\plants 

Per cent viable e.\plants. 

25 

25-t- 25 

25-1-25 

25+25 

25 

25+ 25 

25+25 

25+ 25 

10-12 day.s 

86 

9G-fl00 

lOO-t-96 

92+84 

96 

100+100 

90+96 

100+100 

Growth 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Cytology 


Normal* 

Normal* 

Normal* 


Normal* 

Normal* 

Normal* 


Tumor 

“Splenic** 

“Muscle” 

**RennI’’ 





Animal inoculations 

alone 

tumorf 

tumorf 

tumorf 





Number of animals 

20 

20 

10 

11 





Per cent “takes” 

05 

30 

90 

40 






• “Normal” connotes no observed difference from control orpan or tumor in culture, 
t Prefix “splenic,” etc., refers to tumor explanls grown with spleen, etc., in tissue culture. 


grown in roller tubes in close proximity to spleen 
explants, another quarter with kidney explants, 
and a third quarter with skeletal muscle explants. 
Twenty-five explants of tumor and an equal num- 
ber of each organ were grown separately to serve 
as controls. Because of the longer “lag-phase” of 
kidney and skeletal muscle, these explants were 
grown in culture for 4 to 8 days to insure good 
growth before starting the tumor cultures. Thus, 
for the neoplasms studied, the behavior of 200 ex- 
plants of tumor was noted. Observations were 
made daily and photographic records of living and 
stained whole mount preparations were made at 
the end of 9 to 12 days. At the end of 10 to 12 days 
of tissue culture, sarcoma 180 tumor e.xplants were 
injected into the dorsal subcutaneous tissues of the 
same strain as the tumor donor, and subsequent 
in riro growth followed. Biopsj' and histologic 
study were carried out after these tumors had 
reached approximately 2.5 cm. in diameter. These 
latter studies could not be carried out with ex- 
plants of the spontaneous breast adenocarcinoma 
because susceptible hosts could not be obtained. 


significantly, however, by statistical analysis. It 
is possible that the figure of 30 per cent “takes” 
with the “splenic” tumor e.xplants and the 40 per 
cent “takes” following animal inoculation, with 
“renal” tumor would attain significance in a larger 
group of animals (see Table 1). Since the time of 
appearance, the rapidity of growth, and the hi.s- 
tology of the tumors did not differ in the experi- 
mental and the control groups of animals, repeti- 
tion of the studies, using larger numbers of mice, 
was not deemed worth while. 

DISCUSSION 

Our inability to detect suppression of tumor 
growth in vitro attributable to the influence of 
spleen, skeletal muscle, or kidney is in essential 
agreement with the findings of previous workers. 
The influence of tissues of other mouse strains and 
of heterologous tissues was not observed, since the 
presumed antagonism exerted by spleen, skeletal 
muscle, and kidney exists in tumor hosts them- 
selves, or metastatic cancer of these organs would 





Fig. 1. — Sarcoma 180 grown alone for 10 days in tissue 
culture, during which time the explant was transplanted 
twice. Fixation in Bonin's and staining with Harris' hema- 
toxylin. X103. 

Fig. 2. — Sarcoma 180 grown with spleen for 10 days 
in tissue culture, during which time it was transplanted 


twice. Fixation in Bouin's and staining with Harris' hema- 
toxylin. X103. 

Fig. 3. — Mouse spleen grown with tumor depicted in 
Fig. 2. Fixation in Bouin's and .staining with Harris' hema- 
toxylin. X103. 





Fig. 4. — Spontaneous mammary adenocarcinoma of 
the mouse grown in tissue culture alone for 9 days. Fixa- 
tion in Bonin's and staining with Harris’ hematoxylin. 
X103. 

Fig. 5. — Spontaneous mammary adenocarcinoma of 
the mouse grown for 9 days in tissue culture with kidney. 


Fixation in Bouin’s and staining with Harris’ hematoxy- 
lin. X103. 

Fig. C. — Mouse kidney grown with tumor depicted in 
Fig. 5. In this case the kidney was grown alone for 4 days 
to insure good growth, then transplanted at the time 
the tumor was planted. Fixation in Bonin's and stain- 
ing ^^ilh Harris’ hematoxylin, X103. 
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he more common. The enthusia.slic reports of in 
rirn .studies in wiiicli tissue e.xtracts have been used 
as tiierapeutic agents maj' bear closer scrutiny in 
the light of in vitro studies, since we feel such en- 
thusiasm has often been unwarranted. The use of 
tissue extracts in the chemotherapy of malignant 
di.sease will be presented only in outline form, in an 
attempt to interpret the rationale for their use and 
to analyze results. More extensive reviews (66, 71, 
73. 74) of this subject bring out one fact worth em- 
phasis at the start, namely, that consistently re- 
jiroducible results have not been obtained with 
tissue derivatives. It is almost superfluous to add 
that no one of these preparations enjoys wide- 
sj)read clinical use — which is cogent testimony 
that they are inactive against malignant disease in 
humans. 

A. Derivatives of Spleen and Reticulo- 
endothelial SVSTEJI 

'J'he use of sjilenic extracts in cancer therapy is 
inextricably bound to the use of various prepara- 
tions to stimulate the reticulo-endothclial system, 
and this, in turn, to attempts to immunize actively 
and passively against cancer. Early reports by 
Woglom (70), Braunstein (13), and Levin (41) 
that splenic tissue implants and autolysates sup- 
pressed tumor growth in animals were essentially 
confirmed by others (32, 33, 34, 45). Subsequent 
attempts to prepare more potent compounds from 
splenic sources have continued to the present (2, 5, 
10. 25, 4G. 64, 69). It is worth emphasis that during 
such studies (25, 65, 69) stimulation of tumor 
growth and carcinogenic activity have been noted 
when splenic extract preparations were used. 

The splenic Jiypertrophy and lymph node en- 
largement in some animals with malignant disease 
have been interpreted as activation of host de- 
fenses. Those proponents of the theory that the 
reticulo-endothelial system exerts suppressive in- 
fluences upon tumor cells emphasize the frequency 
of splenic and lymph node hypertrophy in tumor 
hosts and point out that blockade of the reticulo- 
endothelial cells by foreign substances (3, 47, 56), 
their sujipression by x-ray (51), or splenectomy 
(15, 52) has been associated with decreased animal 
resistance to cancer. Caspari (19), Braunstein (14), 
Fichera (27). and Bogomolets hi) have claimed 
that stimulation of the reticulo-endothelial system 
by tlieir several prejiarations was an effective form 
of cancer therapy. These various observations re- 
quire analysis. First, splenomegaly and lymph- 
adenopathy are only inconstantly seen in ma- 
lignant disease. When present, plausible coexistent 
infectious cau.ses for reticulo-endothelial hyper- 
trojihy in tumor-bearing hosts can frequentiy be 


demonstrated by bacteriologic methods (72). Sec- 
ond, we are unaware of any reports indicating that 
humans splenectomized for blood dyscrasias, in- 
fections of the spleen, or traumatic rupture of that 
organ have a higher incidence of cancer than does 
the general population. Third, several workers (31, 
42, 53, 54) have carried out successful inoculation 
of the intact animal spleen with a variety of animal 
tumors. All the in vitro evidence on adjacent 
growth of splenic and tumor tissue previouslj’’ out- 
lined is contrary to the hypothesis that extracts of 
the spleen may suppress the growth of existent 
cancer in animals. Finally, the favorable clinical 
and laboratory reports of several workers using 
reticulo endothelial stimulant preparations in 
malignancy have not been confirmed by others (6, 
18, 61). Prom the data presented in a very recent 
report (62) the favorable conclusions seem unwar- 
ranted. 

Because the reticulo- endothelial system has 
been considered to have a significant function in 
. immune responses in infectious diseases, the phe- 
nomenon of acquired or natural resistance to can- 
cer was studied in relation to this system. The in- 
hibition of tumor growth by sera of immune ani- 
mals reported by some (21, 35, 44, 48) could not be 
confirmed in vivo (57) or m vitro (39) by other 
workers. The enthusiastic reports (4, 9, 38, 43, 49, 
64) of immunizing animals against malignancy by 
the use of various products of actual tumor origin 
find no confirmation by other workers (22, 30, 36). 
In the case of certain animal tumors for which a 
virus etiology seems assured, humoral antibodies 
have been detected capable of conferring cancer 
resistance (17, 26, 37,58). That viral agents play a 
role in the genesis of human cancer or in the ma- 
jority of animal tumors has not yet been demon- 
strated, however. Immunity or resistance to neo- 
plastic disease cannot be attributed to the presence 
of circulating antibodies on the basis of the evi- 
dence now available. That antagonistic influences 
differing from true antibodies and originating in 
the reticulo-endothelial system are responsible for 
natural or acquired resistance to cancer has not 
been shown. Xo morphologic evidence of splenic 
tissue stimulation by proliferating tumors has been 
detected in vitro. These objections can lie justly 
raised, we feel, to the use of various “tumor vac- 
cines” and to antireticular cytoto.xie serum (ACS). 

B. Products of Striated Muscle 
The evidence that striated muscle extracts act 
as cancerolytic agents is rather limited. Earlj' 
work by Itami (34) suggested that cardiac muscle 
extracts but not skeletal muscle preparations were 
capable of immunizing animals against subsequent 
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tumor inoculation. Over a period of yeans Roffo 
and hi.s associates em])loyed various muscle deriva- 
tives in e.vjjerimental cancer therapy. They ob- 
served (55) first that fresh muscle e.vtracts were in- 
active but that an acid liydrolsate of bovine heart 
cau.sed regression of sarcomatous and carcinoma- 
tous lesions in rodent hosts when injected into the 
tumor or at remote sites. Boyland later reported 
(12) that an orally administered acid extract of ox 
heart suppressed tumor growth in rodents. Roffo 
attributed the activity of his preparation to the 
])resence of free amino acids, while Boyland pre- 
sented evidence that certain organi bases were the 
active ingredients in his muscle digests causing 
tumor regression. Since Itami inhibited cancer 
growth by using watery extracts of cardiac muscle, 
his conclusions are weakened by reports of these 
later workers. His negative results with skeletal 
muscle extracts are in agreement with our in vitro 
observations. No e.xplanation based on differences 
in chemical composition between cardiac and 
skeletal muscle can be offered to account for his 
observation of tumor inhibition by cardiac but not 
by skeletal muscle extracts. Available analyses of 
amino acid content of these two types of striated 
muscle show almost identical qualitative and 
quantitative results (8). Studies by Shear (59) and 
by Turner (C8) in which alleged canceroiytic ef- 
fects of various chemical compounds were re- 
investigated do not support the hypotheses of 
those who had contended that free amino acids 
and certain organic bases in striated muscle were 
active canceroiytic agents. After in vitro studies of 
tumor growth in several types of media, Brues and 
his associates (16) attributed a minimal tumor- 
inhibiting effect to ethanolamine, an observation 
previously recorded by Boyland in his in riro stud- 
ies. For these reasons we submit that more work is 
needed before definite conclusions can be drawn as 
to the efficacy of striated muscle derivatives in the 
treatment of malignant disease. 

C. Products of Kidxey 

When he mixed rodent carcinoma cells with 
renal e.vtracts prior to animal inoculation, Frankl 
(32) noted poor subsequent growth of tumor. 
There seem to have been few similar studies until 
S])erti reported (64) that waterj' extracts of kidney 
tissue enhanced cancer susceptibility in mice. He 
further stated, however, that deproteinized, cell- 
free extracts from the same source were capable of 
immunizing animals against tumor proliferation. 
To our knowledge this work has not been repeated 
by others. The in riiro studies previously men- 
tioned, including our own, have failed uniformly to 
detect the pre.sence of antagonistic influences to 


tumor growth inherent in kidney tissue. It would 
seem that in vivo studies bear rejjetition or that the 
negative results of those who have unsuccessfully 
attempted them should be recorded. 

Several facts seem worth emphasis in conclu- 
sion. First, there is a dearth of reports confirming 
the efficacy of various reticulo-endothelial stimu- 
lants and derivatives of spleen, skeletal muscle, 
and kidney in the therapy of cancer. When such 
products have been used in human malignancy, 
most attempts to corroborate initial enthusiastic 
reports have been unsuccessful. Second, in most of 
the laboratorj’^ work in the field of organotherapy 
of malignant disease, observations have been made 
on transplantable animal tumors. It is a commonly 
accepted fact among cancer research workers that 
such transplantable neoplasms often undergo 
spontaneous involution and regression, thus mak- 
ing interpretation of in vivo results more difficult. 
Lastljs all in vitro observations of which we are 
aware show no depression of tumor growth by 
spleen or by kidney tissue. In the case of striated 
muscle e.vtracts, in vitro observations are not in 
entire agreement. The allegedly low incidence of 
splenic, striated muscle, and renal metastases in 
malignancy remains unexplained. 

SUMMARY 

1. Mouse sarcoma 180 and spontaneous adeno- 
carcinoma of the mouse mammarj' gland were 
grown in tissue culture with homologous spleen, 
skeletal muscle, and kidney from nontumor-bear- 
ing animals. 

2. No tumor-growth effect was detected when 
such series were compared with tumor explants 
grown alone in tissue culture. 

3. After tissue culture with spleen, skeletal 
muscle, and kidney, e.vplants of sarcoma 180 pro- 
duced malignant growths in mouse hosts histologi- 
callj' similar to control biopsies. The time of ap- 
pearance and growth characteristics of these tu- 
mors did not differ from neoplasms appearing in 
control animals inoculated with tumor e.vplants 
grown in tissue culture alone. 
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One subcutaneous injection of tlie following lior- 
inones was made each week: lO.C ngm. of alpha- 
estradiol benzoate in oil, 1.25 mg. of testosterone 
propionate in oil. or 1 mg. of progesterone in oil." 
Daily subcutaneous injections of 25 I.U. of preg- 
nant marc's serum (PI\IS) were made in other 
mice. The number of animals in the several groups 
of esperiments are given in Table 1. The experi- 
ments extended for a period of 10 months. 

\’aginal smears were obtained from ovariecto- 
mized mice at intervals during the e.xperiments. At 
autopsy the ovarian grafts and visceral organs 
were examined and preserved for histological 

Gonndectomized Mice with Intrasplenic Ov.irian Grafts 

Slroin 

&Set .....No tumor 6 Gronutoso cell tumor 
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Fig. 1. — A, CJI, and Cn refer to inbred strains of mice. 
The other symbols designate hybrid mice derived as follows; 
ACi {A 9 Xftffd’); ^C-j (CM 9 X rief); AC, {C,H low 
tumor 9 X Aif); and CCi (Ci,9 X CBAd'). 

study. Some of the induced ovarian tumors tvere 
transplanted into other mice to determine their 
capacity for continuous growth in other hosts. 

OBSERVATIONS 

A. Tn.MORS IX IXTKASPLEKIC OvARIAX GlUFTS 
IX Castr.\ted Mice 

Castrated males . — Ten granulosa-cell tumors 
and two mixed tumors — both granulosa and lute- 
oma cells — developed in intrasplenic ovarian grafts 
in 13 castrated males (Fig. 1). These tumorous 
grafts ranged from 207 to 261 days of age, and the 

~ Grateful acknowledgment is made to Dr. E. Schwenk, of 
the Schering Corporation, for the alpha-estradiol benzoate 
(Frogjaion-B), testosterone propionate (Oreton), progesterone 
(Prolulon), and PMS (.Anteron); and to Dr. E. Oppenheimer, 
of the Ciba Pharmaceutical Products, Inc., for the pro- 
gesterone. 


largest tumor measured IS X 10 X 17.5 mm. (Fig. 
4). The mouse that had no tumor of the grafted 
ovary died when the graft was 187 da 3 's old (Ta- 
ble 1). 

The seminal vesicles and prostates of the cas- 
trated male mice bearing intrasplenic ovarian 
grafts were atrophic. The adrenal glands showed 
degenerate x-zones. No detectable hormonal effect 
on the kidneys and submaxillary glands was noted 
(8). In some animals the liver showed degenerate 
changes, as indicated by the large size of hepatic 
cells and the number of binucleated cells. 

Castrated females.— Five granulosa-cell tumors 
and four luteomas developed in intrasplenic ovar- 
ian grafts in 9 castrated females (Fig. 1). These 
tumorous grafts ranged from 212 to 296 days of 
age, and the largest tumor measured 8 X 11 k 14 
mm. 

Irregular estrous vaginal smears were obtained 
during the latter part of the e.xperiment in two 
ovariectomized mice bearing ovarian grafts that 
developed into granulosa-cell tumors. The liver of 
one (C3H strain) of these two mice showed nodular 
regeneration, and its uterus weighed 135 mg. Corni- 

Unik'iterally Gonadcctomizcd Mice witli Inlrasplciiic 
, Ovarian Grafts 

SffOlA 
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Fig. 2. — ^For meaning of symbols refer to Fig. 1 


fied vaginal smears were not noted in the other 7 
female hosts, and their uteri weighed, on the aver- 
age, 45 mg. The adrenal glands showed degenera- 
tion of the x-zone. 

B. OvARiAX Grafts ix UNii..t.TER.tLm' 
Castrated Mice 

Ten unilaterallj' gonadectomized male and fe- 
male mice carried intrasplenic ovarian grafts for 
138 to 282 days (Fig. 2). The ovarian grafts re- 
mained small, about 2 to 3 mm. in size. Histologi- 
callj', the grafts that resided in the female hosts 
were composed of small and large follicles and 
corpora lutea (Fig. 3). No hemorrhagic follicles or 
tubular ingrowths of the germinal epithelium were 
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nolcfl. On Uie other hand, the ovarian follicles and 
interstitial cells formed the main structures of the 
ovarian grafts taken from the male hosts. Little 
lutein tissue was encountered. Ingrowths of the 
germinal epithelium were observed in small areas 
in the oldest ovarian graft in a male mouse. 

The average uterine weight of the unilaterally 
castrated female mice was 105 mg. The intact 
testes and accessory genital organs in the males 
were maintained in a norma! condition. 

C. OvAniAN Grafts in Estrooen-treated 
CAST n.vTEn Mice 

Castrated males . — Xo tumors were noted in in- 
trasjilenic ovarian grafts in 8 castrated males 
treated with an estrogen. The treatment was start- 
ed 103 to 138 days subsequent to the grafting, and 
most of these hosts hail received more than 10 
weekly injections (Fig. a). 

The ovarian grafts were 3 to -1 mm. in diameter. 
They contained few to many small and medium- 
sized follicles. The stroma was comjiosed of inter- 
stitial cells and, frequently, luteinized interstitial 
cells. Proliferation and tubular ingrowths of the 






germinal epithelium were observed in some areas 
in seven grafts, and some of the tubular structures 
were lined by simple cuboidal or columnar cells, as 
described jireviously (8). A few atretic and hemor- 
rhagic follicles and corpora lutea were present in 
three grafts. 

The urinary bladders of the male hosts were dis- 
tended with urine. Effects of the estrogenic hor- 
mone were also indicated by the histological fea- 
tures of the .seminal vesicles, prostates, kidneys, 
and submaxillary glands. The x-zones of the 
adrenal glands were absent, and groups of deeply 
stained small cells were noted in the subcapsular 
regions of the cortex of almost all adrenal glands 
examined. 

Ca.stratcd females . — The intrasplenic ovarian 
grafts in 5 castrated females treated with an estro- 
gen were nontumorous. The treatment was started 
103 to 133 days subsequent to the grafting; 5 to 10 
weekly injections were administered (Fig. 5). 

Ovarian follicles and corpora lutea made up the 
greater part of three grafts that showed ingrowths 
of the germinal epithelial cells. A few hemorrhagic 
follicles wer? present in one of these grafts. Regres- 
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sive changes were observed in the two other grafts, 
although they contained ovarian stroma and few 
primary follicles. 

The urinary bladders were also distended in the 
female hosts. Occasional cornified vaginal smears 
were obtained from one female mouse before estro- 
gen treatment was started. The average uterine 
weight was 149 mg. The histological appearance of 
the adrenal glands resembled that of the males. 

D. OvABiAN Grafts in Androgen-treated 
Castrated Mice 

Caslrated males . — No tumors developed in intra- 
splenic ovarian grafts in 8 castrated male mice that 
had been treated with testosterone propionate. 


Gonadectomized Mice with Intrasplenic Ovarian Grafts 
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Pig. 5. — For meaning of symbols refer to Fig. 1 

The treatment was started 96 to 130 days subse- 
quent to the grafting, and 9 to 17 weekly injections 
were administered (Fig. 6). 

The ovarian grafts ranged from 2 to 6 mm. in 
greatest diameter. A unique histological feature of 
these grafts was the increase of fibrous connective 
tissue in, and A'^ascularity of, the stroma. With the 
exception of two degenerate grafts, they consisted 
largely of ovarian follicles and a few atretic and 
hemorrhagic follicles. No corpora lutea were noted. 
Tubular and cystic ingrowths of the germinal 
epithelium were observed in three grafts, and most 
of these structures contained coagulated fluid and 
macrophages. 

The seminal vesicles and prostates of the andro- 
gen-treated male hosts were large, and their aver- 
age weight was 0.35 gm. No x-zones were noted in 
the adrenal glands, and groups of small subcapsu- 
lar cells were present in some areas. The kidneys 
and submaxillary glands were of the male type. 

Castrated females . — Six castrated female mice, 
bearing intrasplenic ovarian grafts, received 13 to 


17 iveekly injections of testosterone propionate, 
starting 101 to 128 days subsequent to the graft- 
ing. The ovarian grafts were small and nontinnor- 
ous (Fig. 6). Their histological structures were sim- 
ilar to those in the male hosts, although more lu- 
teinized interstitial cells were present in the stro- 
ma. In two grafts, germinal epithelial cells formed 
papillary ingrowths. I.arge cysts or tubular cavi- 
ties were derived from ingrowths of the same type 
of cell. Extensive degeneration was observed in 
one of the six grafts. 

An estrous vaginal smear was obtained in one 
female host before the injection of testosterone 
propionate was started. The average uterine 
weight of this group was 133 mg. Other organs ex- 
hibited evidence of androgenic effects, as in the 
male hosts. 

E. Ovarian Tumors in Progesterone-treated 
Castrated Mice 

Castrated males . — ^Five granulosa-cell tumors 
and two mixed tumors— -both granulosa and luteo- 
ma cells — arose in the intrasplenic ovarian grafts 
in 8 castrated males treated with progesterone. 


Gonadectomized Mice witli Intrasplenic Ovarian Grafts 
1.25 mg. Testosterone Propionate Injected per Week 
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Fig. 6. — For meaning of symbols refer to Fig. 1 

The treatment was started 115 to 138 days after 
the grafting, and 9 to 19 weekly injections were ad- 
ministered (Fig. 7). The largest tumor measured 
14.5 X 15 X 21 mm. 

In general, the granulosa-cell tumors were par- 
tially encapsulated and exhibited diffuse, follicu- 
loid, or trabecular arrangements. Numerous mi- 
totic figures indicated rapid growth. Some follicu- 
loid structures were filled with blood, others with 
coagulated material containing a few degenerating 
cells. Luteinized interstitial cells were noted adja- 
cent to small edematous or necrotic areas. Prolifer- 
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fitioii .'ind Inbnl.'ir inj'rowllis of the germinal e])i- 
lliclium were present in four of these tumors. A 
sjjicnlc of l)one developed at tlie peripliery of the 
largest granulosa-cell tumor, and the tumor liad 
metastasized to the liver. This tumor was trans- 
[jlantcd suheutaneously into other mice of the 
.same strain (ti). 

The mi.vcd tumors were comi)oscd of ma.s.scs of 
granulosa and luteoma cells, in addition to areas of 
luteinized interstitial cells and ingrowths of tlie 
germinal epithelium. The one nontuniorous graft 
was l.'J!) days old and consisted primarily of lutein- 
ized interstitial cell stroma and ovariaTi follicles. 
Some of the follicles were filled with blood. Four 
other intra.sj)lcnic ovarian grafts with va.scularizcd 
adhesions were not included in this paper. 

The .seminal vesicles and prostates of the male 
hosts were atrophic. Tlie submaxillary glands and 
the kidneys resembled tho.se of castrated animals. 

Castrated females . — Tlirec granulo.sa-cell tumor.s, 
one luteoma, and one mixed tumor developed in 
intrasplenic ovarian grafts in i> castrated females 
treated with progesterone. The treatment was 
started lsJ7 to ].‘54 days after the grafting; 14 to 19 

(ioti.ndpcloniiwi Mice with Intm.'picnic Ovarian Grafl.s 
1 nip. Propc-stcronc Injcclc<l per Week 
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weekly injections were administered (Fig. 7). The 
largest tumor measured 12 X 15 X 17 mm. 

Histologically, the granulo.sa-cell and mixed 
tumors re.semblcd tho.se in the male hosts, with the 
exception of more extensive areas of luteinized tis- 
sue and necrosis. Xo metastasis was noted from 
the.se tumors. 

An cstroiis vaginal smear was ob.servcd once, 
before the progesterone injections were started, in 
a female mouse of the CjH strain that had the 
largest granulosa-cell tumor, whose uterus weighed 
150 mg. .at autop.sy. The average uterine weight of 


the other females was 41 mg. Hyperplasia of the 
small stibcapsular cells was noted in three adrenal 
glands. 

F. OvAKIAX Tu.MOK.S IX GoXADOTHOI’mX-THEATEn 
CaSTILVTEI) ^llCE 

Castrated males . — One granulosa-cell tumor and 
two mi.xcd tumors were found in intra.s])lcnic ovar- 
ian grafts in 5 castrated males treated with daily in- 
jections of PMS, starting 100 to 119 days after the 
grafting (Fig. S). The largest tumor measured 
4 X 4 X G.5 mm. (Fig. 9). One nontuniorous ovar- 
ian graft was attached to the peritoneum of the 
body wall and the other to the small intestines. 

The .seminal vesicles and prostates of the male 
hosts were atrophic. The adrenals showed degen- 
eration of the x-zones. The histological structure of 
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the kidneys and submaxillary- glands was similar to 
that of the gonadectomized male mice. 

Castrated females . — Three mixed tumor.s de- 
veloped in intra.splenic ovarian grafts in 5 castrat- 
ed females treated with daih- injections of PAIS, 
starting 92 to 127 days after the grafting (Fig. 8). 
The largest tumor measured 5X7X8 mm. 

The histological appearance of the mi.xed tu- 
mors was similar to that of the male hosts similarly 
treated. In one tumor, spicules of bone were ob- 
.served in a necrotic area adjacent to the granulo.sa- 
tumor cells. Xumerous osteoblasts lined the sur- 
faces of the bone matri.x, and fibroblasts and mac- 
rophages were scattered around the osseous tissue. 
The two nontuniorous grafts were small and con- 
.sisted of a few ovarian follicles, coqiora lutea, and 
degenerative connective tissue stroma. 

Irregular estrous vaginal smears were obtained 
in one female before the daily injections of PMS 
were started; no cornified e.strous smears were not- 
ed in the female hosts following treatment. The 
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average uterine weight was 42 mg. The x-zone of 
the adrenal glands was absent. As in the castrated 
males, the parietal layer of the renal corpuscles 
were usually composed of low epithelial cells. The 
terminal tubules of the subraaxillary glands in two 
animals bearing tumorous grafts, however, con- 
sisted of columnar cells. 

DISCUSSION 

The present experiments provide further evi- 
dence that pituitarj’’ gonadotrophic hormones are 
involved in ovarian tumorigenesis, at least in the 



Fig. 9. — A small section of a tumorous graft that had been 
in the spleen of a castrate male mouse for 208 days. This mouse 
had received gonadotrophin (pregnant mare’s serum). The 
area of the graft photographed shows epithelial-lined spaces 
surrounded by partially luteinized cells. The epithelial cords 
are continuous with the germinal epithelium that partially 
surrounds all well-developed grafts. Some of the tubules con- 
tain cells similar to those in the intertubular areas. XI05. 

experimental ovarian tumorigenesis in castrated 
mice bearing intrasplenic ovarian transplants. The 
failure of ovarian tumors to appear in the intra- 
splenic ovarian grafts in unilaterally castrated 
male and female mice shows that the intact gonads 
inhibit tumor formation in the transplants. These 
observations support those made previously that 


intrasplenic grafts with extensive adhesions to the 
body wall or uterus— areas drained by other than 
the hepatic portal system— did not become tumor- 
ous (6, 7). Both the intact gonad as well as the 
transplanted gonads, if connected with the caval 
venous system, inhibit tumorigenesis. 

Whether the steroid hormones usually presumed 
to be produced by the gonads — namely, estradiol 
and testosterone — or some other or unknown sub- 
stances inhibited tumorigenesis of the transplants 
was not revealed by experiments of the type re- 
ferred to above. The failure of ovarian tumors to 
appear in intrasplenic ovarian grafts in castrated 
mice that were given injections of estradiol benzo- 
ate or testosterone propionate indicates that the 
endocrine products presumably produced by the 
normal gonads inhibit the formation of granulosa- 
cell tumors and luteomas. Progesterone in the 
amounts used and with the weekly schedule of in- 
jection did not alter the incidence of tumors. Larg- 
er amounts might be effective. Burrows and Hoch- 
Ligeti (3) failed to alter the incidence of maramarj'^ 
tumors in mice of the C3H strain given weekly 
doses of 1 mg. of progesterone. 

Tlie observations on the group of mice that re- 
ceived the gonadotropliic preparation (PMS — 
Anteron) were inconclusive. Such preparations 
produce a marked luteinization of the ovaries 
(12, 14), and the ovaries so treated produce sub- 
stances that have an androgenic effect (11, 12). At 
the present time it is assumed that the ])ituitarj’ 
stimulation responsible for tumorigenesis in intra- 
splenic grafts in castrated mice is primaril}" the fol- 
licle-stimulating hormone. It is well known that 
the urine of postmenopausal women contains in- 
creased amounts of a substance that is primarily 
follicle-stimulating. Tlie occurrence of mi.ved gran- 
ulosa-cell tumors and luteomas in the castrate 
male mice indicates that the gonadotrophin did 
have some effect, as such tumors are noted rarely 
among untreated, graft-bearing male mice. 

Whether or not the tumors arising in intra- 
splenic transplants are comparable to those arising 
in x-rayed mice has been questioned (4). Certainly, 
they possess a capacity to metastasize to the liver 
(4, 6), and several of them have been transplanted 
successfullj’’ into other and untreated hosts of the 
same strains. Intrasplenic ovarian grafts when ir- 
radiated did not become tumorous more rapidly 
than when they were not irradiated (10). The pe- 
riod subsequent to irradiation at which tumors aji- 
pear is longer than that subsequent to transplanta- 
tion into the spleens of castrate mice. If the theory 
that ovarian tumors are induced in irradiated mice 
by attainment of a hormonal imbalance proves to 
be correct, then the hormonal factors attained sub- 
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vf ijtK'nl to irmiii.-ilinn nui'^t I)e !c>< favomhle. Ir- 
rniiintn! ovaries <lo j)ro<Iiic-c pcrio<iic vairinal corni- 
firatioii in mirt': Ilranilicll. Parke?, and Heldinc 
f Ji cie-icrilK^i c'-lrou? cyclc'^ in mice maeic anovular 
iiy roentcen irradiation. low level of c.«fro£:cn 
pro^liict ion m.ay reduce the inrrea'^efl jiro'luclinn of 
"onaiiotmphin and hence increase the Icntrth of the 
fx-rirxi of .xtimnlation rccpnre<l. 

I’nlike tumor.< of some tjije.?. the ovarian tu- 
mors appear in mice of all strain? that have heeii 
.?tudic<i up to this time. Similar tumors were orig- 
inally de.scrilxjil in rats (1). 

The tumors 1)11x11100 estrogen, as the uteri of the 
ho-ts liearlnc them arc larpcr than those of cas- 
tratol animals. The estrotren must lie produced in 
amounts sufficiently larpe to permit .some of it to 
jW'S tlmmph the liver or to he of a ta'pc not inac- 
tivateil hy the liver. Several animals showed 
hepatic dama"c. and one showinc the most e.vten- 
sive indications of damage had a large uterus 
veidiim: l.‘>.) mg. 

.\drenal tumors have licen de.scriliefl in mice cas- 
trate<l at hirth ( I."). Ifi) or at later ages (.5). Strain 
differences in the tcmlcncy for such tumors to ap- 
pearhaveaiso been de.scriheii fi;?. 10). None of the 
mice in the present study had such tumors. The 
fierirxi of survival was not sufficiently long for 
them to have l>een cxpcclcel. They have lieen 
notexi. however, in x-irradiateti mice (unpuh- 
li'hc<l'-. 

.^f.MM.VltV .VXD COXCLLSIOXS 

I. firanulosa-cell tumors, luteomas. and mi.xcel 
tumors iirranulo.sa and iuteoma cells) <leveloj)ed 
in inlnis])Ienic ovarian grafts in castratesl maleand 
female mice. There i? apparently no strain limita- 
tion in the formation of lhc.se tumors in mice. 

■?. No ovarian tumors were ohserved in the 
intrasj)!enic gnifts of ovaries in (a) unilaterally 
pinadeetomiretl mice, (fn gonadcctomizeil mice 
tlmt receiveil e-tmiliol licnzoalc or testosterone 
projiinnnte. or 'ci gonarlcctomized rnicea-ith va.scii- 
larircil adhesion that piermittol ovarian hormones 
to hy-pass the licpatic ijorlal circulation. The 
gon.ail.ai liormones are assumed to act imlirectly hy 
inhih;fin::flieprrwiuction ami .secretion of the fiitu- 
itarv- gonadotrophic hormones. 

Weekly treat rnent with 1 mg. of progesterone 
•iid not prevent tumor formation in intrasplenic 

4. Daily injections of a conadotroj)hin from the 


pregnant marc’s .serum (PMri) exerted luteinizing 
influence on the ovarian tumors. 

The malignancy of the intluccil gramilosa- 
ccll tumors is .shown hy the ability to metastasize 
and the lran.«])lantahility into new hosts. 

r>. The.se experimental results apjicar to suh- 
.stantiatc further the a.ssumption that prolonged 
stimulation hy increased amounts of gonado- 
trophic hormones is re.sponsihle for tlie genesis of 
ovarian tumors, 
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Dehydrogenase Studies of Tissue from Normal 
and Tumor-bearing Mice 
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Evidence has been accumuJated that several 
components of enzyme systems important in bio- 
logical o.xidations are altered or impaired in malig- 
nancy. While numerous reports have appeared on 
the dehydrogenases in normal and neoplastic tis- 
sues, many phases of the problem remain uninves- 
tigated, and much of the earlier work needs con- 
firmation and supplementation. 

It would seem that the deficiencies reported in 
the various oxidative systems of tumor tissues — 
for example, cytochrome c and cytochrome oxi- 
dase (S, 10, 12) — would result in an accumulation 
of reducing substances in the tissue and that the 
altered oxidative mechanism would be associated 
with changes in the individual enzyme systems. 
These considerations led to the investigation of 
(a) the comparative ability of various tissues of 
normal and tumor-bearing animals to decolorize 
methylene blue anaerobically, the results of which 
are presented herewith, and (b) the comparative 
activity of the specific dehydrogenases of the vari- 
ous organs of normal and tumor-bearing animals, 
the results of which are presented in a subsequent 
report. 

A decreased ability of certain types of tumor tis- 
sue to decolorize methylene blue has been reported 
(6, 7), but Barron did not observe such a difference 
(1). Reports of the influence of the presence of a 
tumor on the enzymatic activities of organs remote 
from the site of the tumor (4, 5) prompted the 
analysis of the dehydrogenase activity of a number 
of different organs in tumor-bearing animals. Fur- 
thermore, it seemed desirable to determine wheth- 
er differences in susceptibility of various strains of 
mice to transplanted tumors were correlated with 
alterations in the dehydrogenase activity. 

Schlenkand others (H, 2, 8) have reported that 
there is a reduction in the content of coenzyme I in 
tumor tissues. Also, as Von Euler (12) and others 
have shown, coenzyme I in malignant tissues is 
present mainly in the dihydro form, whereas in 
most normal tissues it exists chiefly in the oxidized 
state. Since this important biocatalyst is so defi- 


nitely altered in neoplastic tissues, it was of inter- 
est to investigate the activity of dehydrogenase 
systems of normal and tumor tissues when coen- 
zyme I was added in varying concentrations to de- 
hydrogenase-containing extracts of various organs 
of normal and tumor-bearing animals. 

EXPERiaiENTAL 

Mice of widely varying ages and both sexes of 
the homozygous dba (38 animals) and C57 (25 
animals) strains and the heterozygous Rockland 
albino (28 animals) strain were used. All animals 
were maintained on a standard Rockland mouse- 
pellet diet. The tumors studied included the trans- 
planted dbrB adenocarcinoma and sarcoma 180, 
as well as methylcholanthrene-induced tumors. At 
the time of experiment the tumors ranged between 
8 and 25 mm. in diameter. 

The animals were hilled by decapitation, and 
the organs to be analyzed (i.e., skeletal muscle 
from the hind limbs and the spleen, liver, kidney, 
and brain) were immediately removed. These or- 
gans were weighed on an analytical balance and 
then ground with washed and ignited sand in a 
mortar with a small volume of cold distilled water 
to the consistency of a smooth thin paste, 2 ml. of 
water being used for each 0.1 gm. (wet weight) of 
tissue. Care was taken to rinse the mortar thor- 
oughly with the last few milliliters of the calcu- 
lated volume of cold water. These washings were 
then added to the extracted mixture, which was 
placed in a centrifuge tube, stirred well, and then 
centrifuged at 800 r.p.m. for 5 minutes. The cen- 
trifugate was removed and tested immediately for 
its abilit3'' to decolorize methjdene blue anaerobi- 
cally according to the Thunberg technic. 

In measuring the dehj'drogeqase acti\’it.v, 2 ml. 
of chilled tissue extract were placed in the stopper 
of the Thunberg tube. Into the tube proper the fol- 
lowing reagents were introduced: 0.25 ml. of a 
1:5000 methjdene blue solution and 1.0 ml. of 
phosphate buffer, pH 7.2. The tubes were evacii- 
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ated with gentle agitation for 5 minutes at about 
12 mm., after which the contents were brought to 
37^ C. in a constant-temperature water bath by 
allowing an equilibrium period of 10 minutes. The 
enzyme-containing tissue extract wa-S then tilted 
into the methylene blue-buffer mixture and the 
decolorization time determined \-isually. Each test 
was made in duplicate. .\1I extracts and organs 
were kept at 0" C. when not in u.=e. Necrotic and 
hemorrhagic portions of the tumors were carefully 
excised and discarded before analysis. The enzyme 
acti^dty was arbitrarily expressed as minutes"' X 
10^. With proper precautions the results were read- 
ily reproducible. 


properly speaking, this is a mea.sure of the total re- 
ducinz substances present in the extract of the ti-- 
sue. In calling such a reaction the "total dehydro- 
cenase activity." it was presumed that the crude 
tissue extracts prepared in the manner described 
contained siiScient quantities of the substrates, 
since the addition of several substrates operating 
in systems requiring coenzyme I did not cau.se sig- 
nificant changes in the decolorization time by the 
crude extracts. In a numljer of cases, however, the 
addition of substrates not requiring coenzyme I 
speeded up the actimty to some extent. 

The reliability of the technic wa.s shown by the 
fact that in 00 per cent of the duplicate or triplicate 
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Coenzjme I was prepared according to the 
method of Williantson and Green fl"). While the 
degree of purity of the profJuct was not deterraincri 
experimentally, comparable results could Ik- oli- 
tained by standardizing one preparation against 
the ne.xt. suitable concentration was selected for 
investigation of its comparative effects on the de- 
hydrogenase actirity of extracts of tissues from 
normal and tumor-bearing animals by addinz 
varv-ing amounts of the coenz>-me I to the extracts 
of tissues from normal dba mice. The tis.sue e.x- 
tracLs were so diluted that a definite alteration of 
dehydrogena.se activity was apparent when the 
amount of coenzj'rae I was varietl as determined in 
preliminaiy e.xperiments. Tlie .same txqie of study 
was made with extracts of the adenocarcinoma 
dbrB and sarcoma ISO. 

The ability of a tissue e.xtract to reiluce methyl- 
ene blue in an oxj-gen-free meilium without the 
addition of suFistrates or coenzymes was rie.sig- 
nated as the “total dehydrogenase activity." ^lore 


determinations the total dehydrogena-se actii.'ity 
variefi by not more than 2 minutes, and the varia- 
tions for organs from animals of the same strain 
did not e.xceefl ±3 minutes. The results presented 
in this paper repre.sent S40 determinations. 

RE^L'I.TS 

There was a marked similarity of the total de- 
hydrogena.se actirity of analogous organs of nor- 
mal animals of different .strains (Tables I-.j). The 
presence of the transplantetl tumor did not sig- 
nificantly alter this activity in .any of the organs 
studied. The onler of increasing dehydrogena.se ac- 
tivity in both normal and turnor-F)earing mice of 
all .strains v.-as as follows: muscle, spleen. Firain, 
kidney, and liver. Furthermore, a diiference in 
.susceptibility to the dljrB tumor in the CiT and 
dlia >-tniins was not reflecterl in the values for the 
total dehj-drogenase activity. 

There was apparently a distinct difference Fie- 
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tween dehydrogenase activity of the methyl- 
cholanthrene-induced tumor and sarcoma 180, on 
the one hand, and the dbrB adenocarcinoma, on 
the other (Table 6), although relativelj’' few 
methylcholanthrene-induced tumors were avail- 
able for study. This difference may have been due 
in part to the fact that the calculations were made 
on the basis of the wet weight; by dry-weight de- 
terminations the adenocarcinoma contained 85 per 
cent water, as compared to the sarcoma, which 
contained 72 per cent water. 

The addition of coenzyme I accelerated the de- 
colorization time of methjdene blue by spleen ex- 
tracts much less than it did the other normal tis- 
sues (Tables 1-5), and this was true also in addi- 
tional experiments in which coenzyme I was added 
in amounts up to 1.5 mg. In unreported experi- 
ments both the adenocarcinoma and the sarcoma 


180 responded markedly to the addition of coen- 
zyme I in varying concentrations. Results from the 
addition of coenzyme I at a level of 0.5 mg. to ex- 
tracts of tumor tissue are shown in Table 6. The 
percentage stimulation of dehydrogenase activity 
was higher than that in similar preparations of 
spleen (Table 2) but was lower than that of liver 
(Table 5), kidney (Table 4), brain (Table 3), and 
muscle (Table 1). 

DISCUSSION 

Perhaps the most significant observation to be 
made in these studies is the marked similarity and 
stability of the activity of the so-called “total” de- 
hydrogenases. As shown by the e.xperimental data, 
this ability to decolorize methylene blue was inde- 
pendent of animal age, sex, and strain. Further- 
more, the presence of a transplanted tumor (sar- 
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Decolorization Time of Methylene Blue by Aqueous Extracts of Spleen from Normal and Tumor- 
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coma or carcinoma) caused no change in the activ- 
ity of tlie animal tissues. In contrast to the reports 
of deficiencies and changes in the oxidative metab- 
olism of tumor tissue, suggesting an accumulation 
of reducing suljistances, the results of the present 
study indicate no significant increase in the 
amount of water-soluble materials capable of re- 
ducing methylene blue in the organs of tumor- 
bearing animals. Strictly speaking, comparison of 
the activity of tumor tissue with any except that 
of the analogous normal tissue is unwarranted; but 
it can be observed that this activity in tumor tissue 
showed no striking difference from that of certain 
nonneoplastic tissues. Tumor tissue appeared to 
have an activity rate intermediate between that 
of the more active normal liver and kidney tissue 
extracts, on the one hand, and the less active ex- 
tracts of brain, spleen, and muscle tissue, on the 
other. ’I’lTiether the tumor causes alterations in 
specific dehydrogenase systems of organs remote 
from the site of the neoplasm is to be the subject of 
future studies, but it is probable that such varia- 
tions would not be detected by the methods used in 
the present study. 

The results obtained when coenzyme I was add- 
ed in varying concentrations to tumor extracts 
would not suggest that reducing substances were 
present in large enough quantities or in a sufficient- 
ly potent state to inhibit the coenzyme activity of 
systems containing concentrations of coenzyme I 
greater than those normally present in the tissue. 

The failure of large amounts of coenzynie I to 
effect a significant stimulation of dehydrogenase 
activity of the spleen in both normal and tumor- 
bearing animals cannot be adequately interpreted 
at present. According to the report of Bernheim 
and Felsovanyi (2), the coenzyme content of spleen 
is slightly higher than that of liver, kidney, and 
muscle. If coenzyrae I is normally present in excess 
in the spleen, additional amounts of coenzyme I 
would hardly result in an acceleration of activity. 
The possibility is not precluded, however, that 
certain coenzyme I-requiring dehydrogenases are 
present in diminished quantities or are entirely 
lacking. As indicated in this study, spleen extract 
is not the least active of extracts of normal tissues 
in decolorizing methylene blue, but subsequent in- 
vestigations of individual enzyme systems (9) have 
revealed slight or no lactic dehydrogenase activity 
in the spleen. The malic dehydrogenase content of 
the spleen is also quite low, having about the same 
decolorization time as malic dehydrogenase in the 
several different tumors analyzed. 

SUMMARY 

Quantitative determinations of the total dehy- 
drogenase activities of the muscle, liver, kidney. 


brain, and spleen of normal homozygous dba and 
C57 mice and heterozygous Rockland albino mice 
revealed a remarkable similarity of activity among 
the various animal strains. The presence of a 
tumor (transplanted dbrB adenocarcinoma, meth- 
ylcholanthrene-induced tumors in dba mice, and 
transplanted sarcoma 180 in Rockland mice) did 
not alter the ability of any of the tissue extracts 
studied to decolorize methjdene blue. The total de- 
hydrogenase activity was independent of the sex, 
strain, and age of the animals, both normal and 
tumor-bearing. The addition of 0.5 mg. of coen- 
zyme I markedly accelerated the total dehydroge- 
nase activity of the muscle, liver, and brain of nor- 
mal and tumor-bearing animals, the degree of ac- 
celeration in tissues from tumor-bearing animals 
being about the same as that in tissues from nor- 
mal animals. The addition of the same amount of 
coenzyme I to extracts of the different tumors re- 
sulted in a pronounced stimulation of activity. 
The total dehydrogenase activity of the spleen 
from normal and tumor-bearing animals was not 
accelerated to any appreciable extent by the ad- 
dition of a large amount of coenzj'me' I. 
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Dehydrogenase Studies of Tissue from Normal 
and Tumor-bearing Mice 
II. Lactic and Malic Dehydrogenases 
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A high concentration of lactic acid in rat hepa- 
toma has been reported by Kishi, Fujiwara, and 
Nakahara (5), as compared with the content of 
normal liver. Undoubtedly, this accumulation of 
lactic acid in tumor tissues is associated with the 
high rate of glycolysis in malignant tissues; hut, 
since so little lactate is removed by oxidative proc- 
esses, an impairment of enzj'me activity is sug- 
gested. Elliott, Benoy, and Baker (1) have re- 
ported that the ability of tumor tissue to oxidize 
lactate to pyruvate, and succinate to fumarate, ap- 
peared to be defective. These investigators also 
found that the formation of succinate from 
pyruvate seemed to proceed at a fair rate and that 
an equilibrium between fumarate and maiate could 
occur in tumor tissue. Waterman (11) concluded 
from his experiments that lactic dehydrogenase 
was lacking in cancerous tissue; but Von Euler, 
Malmberg, and Gunther (9) have reported that a 
dialyzed extract of Jensen rat sarcoma rapidly 
oxidized lactic and malic acids. Von Euler, Adler, 
and GUnther (8) further observed that the lactic 
and malic dehydrogenase sj’stems of the Jensen 
rat sarcoma were not appreciably’- different from 
those of muscle. Von Euler, Malmberg, Gunther, 
and Nystrom (10), however, considered that, 
while lactic acid and other hydrogen donators were 
present in excess in Jensen sarcoma, the deficient 
oxidative mechanism was associated with a low- 
ered activity of the flavin enzymes and coenzynies. 
More recently. Potter (6) has investigated the 
malic dehydrogenase activity of normal rat liver 
and rat hepatoma. In the complete malic de- 
hydrogenase system, the oxj’gen uptake of hepa- 
toma was found to be much lower than that of 
normal liver. 

The present study was designed to analyze the 
comparative lactic and malic dehydrogenase ac- 
tivities of various organs of normal and tumor- 
bearing mice. 


EXTEREMEXTAL 

Of the animals used, 8 were normal Col, 3.5 were 
dba, and .'ll were Rockland albino mice of both 
sexes and different ages. The dbrB adenocarcino- 
ma was carried in dba mice, and the sarcoma 180 
in the Rockland mice; at the time of e.xperiment 
the tumors ranged between 8 and 25 mm. in diam- 
eter. All animals were maintained on a standard 
Rockland mouse-pellet diet. In preparing the tu- 
mor tissue for analysis, the necrotic and hemor- 
rhagic areas were carefully removed. 

The lactic and malic dehydrogenases were pre- 
pared according to the method of Green (2) with 
modifications. Essentially, the procedure consisted 
in the preparation of a dialyzed extract of enzymes 
obtained from the tissues as an acetone powder. 
According to the method of Green (2), the original 
tissue was allowed to extract for i hour with ice 
water before precipitation with acetone. In the 
present study this e.xtraction period was omitted 
because the amount of tissue rarely exceeded 1.5 
gm. wet weight. The entire mixture was precipi- 
tated with acetone without previously pressing it 
through muslin, as prescribed by Green’s method. 

Immediately upon decapitation of the animals 
the organs to be analyzed were weighed and then 
ground thoroughly with a very small quantity of 
purified sand and a few milliliters of cold distilled 
water. The resulting thin paste was then poured 
into 3 A’olumes of cold acetone. The precipitate 
thus formed was filtered on a verj’ small Biichner 
funnel and then washed with acetone and ethyl 
ether. This dried acetone powder was freed of the 
last traces of ether and then rubbed up with a 
.small volume of cold distilled water, 2.0 ml. of 
water being used for every 0.1 gm. (wet weight) of 
tissue. The suspension was transferred quantita- 
tively to Cellophane bags and dialyzed overnight 
again-st distilled water at 0° C. The preparation 
was then centrifuged at 800 r.p.m. for about 5 min- 
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utes and the precipitate discarded. The super- 
natant, which contained both lactic and malic 
dehydrogenase, was removed immediately and 
kept at 0° C. when not in use. 

The dehydrogenase activity of the tissue prepa- 
rations was measured according to the Thun- 
berg technic. To the Thunberg tube proper were 
added 0.25 ml. methylene blue 1:5000; 1.0 ml. 
phosphate buffer, pH 7.2; 0.5 ml. of a 0.1 M sub- 
strate (sodium lactate or sodium malate) ; 0.2 ml. 
of a 2 M potassium cyanide adjusted to pH 8.0; 
and 0.5 mg. of a coenzyme I solution having a con- 
centration of about 1 mg. per milliliter. Two ml. 
of the chilled enz^^me solution were placed in the 
hollow stopper of the Thunberg tube. 

Coenzyme I was prepared according to the 
method of Williamson and Green (12). Although 
the percentage purity was not determined, succes- 
sive batches were standardized against one an- 
other. The strong potassium cyanide solution was 
added to fix the products formed in the dehy- 
drogenase reaction. The evacuation of the tubes 
was accomplished with a high-vacuum pump at 
about 12 mm. for 5 minutes and was facilitated by 
gentle agitation of the tubes during this time. The 
tubes were then placed in a constant-temperature 
water bath at 37° C. for 10 minutes. At the end of 
this equilibration period the enzyme-containing 
solution was allowed to react with the substrate, 
and the time required for decolorization of the 
methylene blue was determined. Tests were made 
in duplicate. The dehydrogenase activity was ex- 
pressed at minutes"* X 10-. 

RESULTS 

The values obtained for the malic and lactic 
dehydrogenases in various organs from normal and 
tumor-bearing mice, as well as in the dbrB 
adenocarcinoma and sarcoma 180 transplanted tu- 
mors are given in Tables 1-6, in which the results 
of 924 determinations are reported. Eighty-nine 
per cent of the duplicate determinations checked 
within 2 minutes, the remainder varjdng not more 
than 4 minutes. There was a variation of + 3 min- 
utes in the enzyme activity of analogous organs 
from animals of the same strain. The rate of 
decolorization in the presence of tumor tissue 
varied within a maximum of +5 minutes, with 
two-thirds varying less than + 2 minutes. 

In the case of the lactic dehydrogenase activity 
of the spleen of both normal and tumor-bearing 
animals, complete decolorization in 72 per cent of 
the 33 determinations did not take place within 2 
to 3 hours. There was, however, a change from the 
original deep-blue color to a green within the first 
half-hour of that time, but further decolorization 


was not appreciable after that period. In the re- 
maining 9 instances (28 per cent), complete de- 
colorization occurred within 20 to GO minutes. 
This variation in activity may be associated with 
the hemopoietic nature of the organ and the 
amount of blood present. 

DISCUSSION 

While the presence of tumors has been associ- 
ated with the lowering of certain enzyme activities 
in organs remote from the site of the neoplasm and 
not invaded by the tumor (4), in the experiments 
reported herein neither the lactic nor the malie 
dehydrogenase activity of organs of animals bear- 
ing transplanted tumors appears to be influenced 
by the growing neoplasm. The values were not 
altered significantly even when the tumors had 
attained a very large size. Furthermore, this ac- 
tivity was independent of the strain, sex, and age 
of the animal. 

The lowest values for the lactic and malic de- 
hj’^drogenases were obtained in the dbrB adeno- 
carcinoma and in the sarcoma 180. This would, 
perhaps, indicate a less efficient oxidative mecha- 
nism in tumor tissues. The value for the malic 
dehydrogenase, however, lies within the lowest 
range of those for normal tissues analyzed, viz., the 
spleen. This finding is in keeping with the observa- 
tion of Greenstein (3) that the activity of the 
catalytic systems in tumors generallj’’ stands in the 
mid-region or near the lower extreme of the range 
of enzyme activities of normal tissues. 

It is also significant that the enzyme prepara- 
tions from the spleen of both normal and tumor- 
bearing animals failed in 72 per cent of the experi- 
ments to decolorize methylene blue completely 
when sodium lactate was the substrate. This phe- 
nomenon can probably be attributed to the low 
concentration of lactic dehydrogenase in this tis- 
sue, but the possibility of enzyme inhibitors can- 
not be excluded. A low" concentration of enzyme 
sj'stems requiring coenzj'me I is indicated, how- 
ever, since the addition of large quantities of co- 
enzyme I failed to cause an appreciable accelera- 
tion of the rate at wdiich aqueous e.xtracts of spleen 
decolorized methylene blue (7). The fact that the 
values for the activity of malic dehydrogenase — 
another coenzyme I-requiring system — are low-er 
for the spleen than for any of the other normal tis- 
sues analyzed further substantiates the supposi- 
tion that certain enzymes requiring coenzyme I 
are present in small quantities in the sj)leen. Thus 
the failure of spleen extracts to decolorize methj"!- 
ene blue when lactate is the substrate can probably 
be ascribed to a low' concentration of lactic de- 
hydrogenase in this organ rather than to the 
presence of inhibitors of the enzyme system. 



TABLE 1 


DECOtORtZATION TIME OF MeTHYLF-NE BLUE BY LACTIC AND jMaLIC DEHYDROGENASE IN 

Skeletal Muscle of Normal and Tumor-bearing Mice 


Strain* of 


No. 

Decolorization time (min'.) 

Velocity 

MICE 

Dehydrogenase 

determinations 

Mean 

Bangc 

S.D. 

(MIN.-IXIOU 




N’oHMAIa aXIMALS — MUSCLE 



dbn 

fLalic 

14 

5 8 

( 4. 0-9.0) 

+ 1 .55 

17.2 

IMalic 

18 

4.7 

( 2. 0-9.0) 

±2.39 

91 2 

Rockland 

IXactic 

12 

4 1 

(3.25-5 0) 

+ 1.05 

24 4 

tiMalic 

12 

2.5 

{ 1. 0-8.0) 

±2,50 

40.0 

C57 

/Lactic 

8 

5 3 

( 4. 5-9.0) 

+ 0.05 

18.8 

/Malic 

4 

3 3 

( 3. 0-3. 5) 

±0,24 

30.3 




TDMOR-Bi:..mNG 

ANIMALS — SICSCLE 



dbrB in dba 

/Lactic 

20 

0.5 

(4.0-9 0) 

±1.75 

IS 3 

/Malic 

30 

4.5 

0 0-8.0) 

±1.74 

22 2 

S 180 in 

/Ijictic 

14 

4.8 

(4.0-0 0) 

+ 0.78 

20.8 

Rockland 

/Alalic 

14 

2 0 

(1 0-5 0) 

±1.37 

38.4 


TABLE 2 

Decolohization Tijie of JIetiiylene Blue by Lactic and Malic Dehydrogenase in 
THE Spleen of Normal and Tumor-bearing Mice 


Strain or 


No. 

Deoolorizatiox time (mis.) 

Velocitv 

MICE 

DEHVnROGESARE 

DETEUMINATIONR 

Mean Uangc S.D. (min.~‘X10*) 




.Normal animai-s— srlei-n 


dba 

/Lactic 

10 

>2 hours in 12 determinations; 00' and 20’ 


/Jfalic 

14 

11,0 (7-17) ±3.34 

9 1 

Rockland 

/Lactic 

/Malic 

14 

10 

>2 hours in 10 determinations; 50' and 30' 
10,0 (7-18) ±3.83 

9.4 

CS7 

/Lactic 

8 

>2 hours in 0 determination.s; 22' 


/Malic 

8 

9.7 (4-12) +3 34 

10.3 




TcMOn-lIEAniNII animals — spleen 


dbrB in dba 

/Lactic 

18 

>2hoursin 19 determinations; 30', 22', and 95' 


/Malic 

29 

9 5 (5-15) +2 87 

10 5 

S 180 in 

/Lactic 

10 

>4 hours in 8 determinations; 30' 


Rockland 

/Malic 

8 

19.5 (11-14) +1.19 

8.0 


TABLE 3 

Decolorization Time of Methylene Blue by Lactic and Malic Dehydrogenase in 
Kidney of Normal and -Tumor-bearing Mice 


Strain of 


No. 

Dkcolorizatiox time (mis.) 

Velocity 

SIJCE 

DnilTDItOaENASE 

nr.TERMJNATIONS 

Mean 

Ilnngc 

S.D. 

X 

o 




Normal animals — kidney 



libii 

/Lactic 

oa 

4.0 

(2 0-0 0) 

±1.41 

25.0 


/Malic 

20 

2 2 

(1 0-5.0) 

±1.19 

45.4 

Rocklund 

/Lactic 

12 

4 1 

(3 0-0.0) 

+ 1.34 

94.4 


(Malic 

10 

2.3 

(1.5-3 5) 

±0.08 

43.5 

C57 

/Lactic 

12 

4 0 

(2. 0-0.0) 

+ 1.29 

25.0 


(Malic 

10 

2 0 

(1 0-4 0) 

±1 02 

38.4 




Td5IOII-DE,AIIINO 

ANIMAIJ* — KIDXKV 



(IbrB in dba 

/Lactic 

22 

4.0 

(2.0-7 0) 

+ 1 91 

21 7 


I Malic 

22 

1 7 

(1.0-3 0) 

±0.81 

58 8 

S 180 in 

/Lactic 

10 

0.1 

(3 0-10 0) 

+ 2,03 

10,4 

Rockland 

/Malic 

22 

2.0 

(1 .0-0.0) 

±1 48 

,38.4 



TABLE 4 


Decolorization Time of METmxENE Blue by Lactic and Malic Dehydrogenase in 
Liver of Normal and Tumor-bearing Mice 


Strain of 


No. 

Decolorization time (min.) 

Velocity 

MICE 

DeHYDROG EXASK 

DETER3I1NAT10XS 

Menn 

Range 

S.D. 

(min.-ixIOO 




Normal animals — liver 



dba 

/Lactic 

18 

4.9 

(2.0-11.0) 

+ 2.75 

20.4 

\Malic 

28 

2.4 

(l.O^.O) 

+ 0.94 

41.6 

Rockland 

/Lactic 

24 

4.3 

(3.0-10.0) 

+ 1.99 

23.2 

/Malic 

22 

1.5 

(1. 0-4.0) 

+ 0.92 

66.6 

C57 

/Lactic 

20 

5.6 

(3. 5-8.0) 

+ 1.61 

17.8 

/Malic 

10 

2.4 

(1. 5-6.0) 

+ 1.70 

41.6 




Tu.\IOR-BEARIN'G 

ANIMALS — LIVER 



dbrB in dba 

/Lactic 

/Malic 

32 

30 

5 8 

2.2 

(2.0-11.0) 

(1. 5-4.0) 

+ 2.29 
+ 0.71 

17.2 

45.4 

S 180 in 

/Lactic 

16 

6.5 

(3.5-10.0) 

+ 2.46 

15.3 

Rockland 

/Malic 

30 

2 6 

(1. 0-4.0) 

+ 0.80 

38.4 


TABLE 5 


Decolorization Time of Methyxene Blue by Lactic and Malic Dehydrogenase in 
Brain of Normal and Tumor-bearing Mice 


Strain or 


No. 

Decolorization time 

(min.) 

YXlocity 

.MICE 

Dehvdrooenase 

DETERMINATIONS 

Mean 

Range 

S.D. 

(min.->X IOO 




Normal animals — drain 



dba 

/Lactic 

14 

7.8 

(3.0-13.0) 

+ 3.13 

12.8 

/Malic 

16 

3.7 

(2. 0-8.0) 

+ 1.86 

27.0 

Rockland 

/Lactic 

14 

7.3 

(4.5-10.0) 

+ 2.01 

13.7 

/Malic 

16 

3.5 

(1. 0-9.0) 

+ 2.91 

28.5 

C57 

/Lactic 

4 

7.0 

(6, 0-8,0) 

+ 1.00 

14.3 

/Malic 

4 

2.0 

(2.0) 

+ 0.00 

50.0 




Tumor*dearinc animals — drain 



dbrB in dba 

/Lactic 

/Malic 

26 

30 

9.9 
3 1 

(5.0-14.0) 
(1. 0-7.0) 

+ 2.87 
+ 1.74 

10.1 

32.3 

S 180 in 

/Lactic 

12 

10.6 

(6.0-16.0) 

+ 3.99 

9.4 

Rockland 

/Malic 

16 

3.4 

(2. 0-6.0) 

+ 1.64 

29.4 


TAfeLE 6 

Decolorization Time of Methyxene Blue by Lactic and Malic 
Dehydrogenase in Tumor Tissue 


Strain of 

MICE 

Dehyorooenase 

No. 

determinations 

Mean 

Decolorization time (min.) 

Range S.D. 

YXloc.tv 
(min.-'X 100 

dbrB in dba 

J 

Lactic 

32 

17.3 

(12-22) 

+ 3.38 

5.7 

1 

Malic 

22 

9.6 

(5-12) 

+ 2.22 

10.4 

S 180 in 

J 

'Lactic 

18 

19.5 

(15-24) 

+ 2.79 

5.1 

Rockland 

1 

[Malic 

22 

13.7 

(7-20) 

+ 4.31 

7.3 
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SUMMARY 

Studies of the comparative activities of lactic 
and malic dehydrogenases of the liver, kidne 3 % 
brain, muscle, and spleen of various strains of mice 
revealed these enzyme activities to be independent 
of the strain, sex, and age of the animal. The pres- 
ence of a transplanted tumor did not influence the 
activity of these enzj'mes in anj’’ of the organs 
anaij'zed. The values for lactic and malic de- 
hydrogenases of a transplanted adenocarcinoma 
and sarcoma were lower than those of any non- 
neoplastic tissue studied, with the exception of the 
malic dehydrogenase of spleen from both normal 
and tumor-bearing mice. The malic dehj'dro- 
genase activitj' of the spleen corresponded closelj' 
to that of the same enzj'^me in both the dbrB 
adenocarcinoma and sarcoma 180. With lactate as 
substrate, enzyme preparations from the spleen 
of both normal and tumor-bearing mice failed to 
decolorize methylene blue completely in most 
cases. This can probablj'' be attributed to the low 
concentration of lactic dehydrogenase in that 
organ. 
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The adenocarcinoma which commonly affects 
the kidneys of leopard frogs {Rana pipiens) may 
readily be transplanted to the anterior chamber of 
the eye (1, 2). Here the rate and manner of its 
growth can be observed directlj’^ through the thin, 
transparent cornea with the microscope, and per- 
manent objective records can be obtained by pho- 
tographs. Our previous studies ha^'e been based 
largely upon intraocular transplants during the 
first generation, i.e., transplants from primary 
tumors in the kidnej'. The present study deals 
with the behavior of tumors that became estab- 
lished in the eye and were then transplanted 
serially. The experiments are concerned with sev- 
eral interrelated questions : Is it possible to trans- 
plant the frog carcinoma for many generations and 
thus maintain it over a considerable period? If so, 
what effect will repeated transfer and prolonged 
maintenance in the anterior chamber have upon 
the tumor — upon its rate of growth: its manner of 
growth; its malignant properties, such as invasive- 
ness; its response to changes in temperature; and 
its behavior when transplanted to alien species? 
Finally, how will a metastatic carcinoma behave in 
serial transplantation compared to a primary 
tumor? 

MATERIALS AND METHODS 

Details of the method for intraocular trans- 
plantation have been described in a previous publi- 
cation (2). Briefly stated, smal portions of pri- 
mary tumor, 1 to 2 mm. in size, were planted in the 
anterior chamber of the eyes of frogs with a finely 
pointed forceps through a small incision at the 
sclerocorneai junction. Aseptic precautions were 
observed, and care was taken to have the bits of 
tumor of approximately uniform size. The subse- 
quent fate of the transplants was then observed at 
intervals of a few days through the slit-lamp mi- 
croscope or a modification of the instrument. Per- 
manent records were obtained by photographs. 

’This study was aided by a grant from the Doiuier 
Foundation. 

t Now at Ohio State University, Columbus, Oliio. 
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After the transplants had grown to fill the an- 
terior chamber, the animals were anesthetized 
with ether, the cornea was cut away, the tumor 
removed and subdivided and reinoculated into the 
eyes of other frogs. The behavior of the new genera- 
tion of tumors was then studied by the means 
outlined above. 

In the main group of e.xperiments the material 
for the first generation of transplants came from a 
large bilateral kidney tumor. The frogs used were 
unselected adults. They were kept separately in 
small aquarium jars in a moist atmosphere at a 
constant temperature of 28° C. 

Details of the e.xperiments as regards tempera- 
ture, heterotransplantation, and transplantation 
of metastatic tumors will be given in the pertinent 
sections. 

RESULTS , 

Incidence of lakes and rate of growth in successive 
generations of transplanted tumors. — ^In the first 
generation the tumors grew in only 1 of the 10 
frogs inoculated. When the tumor in this frog had 
filled the anterior chamber and bits of it had been 
retransplanted, 4 out of 5 transplants became es- 
tablished; in the next generation C out of 7 grew. 
After the third generation the incidence of takes 
rose to 100 per cent and w’as maintained at this 
level for the remainder of the experiment, i.e., from 
the fourth to the fourteenth generation (Table 1). 
The experiment rvas then discontinued, since it 
had shown that the kidney carcinoma of the frog 
can successfully be maintained in the anterior 
chamber for a considerable number of generations 
and over a period of 2 years and 3 months. 

The form and size of all the tumors in successive 
generations were compared by means of photo- 
graphs taken periodically, usually at weekl.v in- 
tervals. A representative group of such records is 
given in Figs. 1 to 6. The figures illustrate the pat- 
tern of growth w'hich is characteristic of this tu- 
mor. In the early stages the transplants grew 
slowlj’’; but, once they became established and 
vascularized, the rate was accelerated, and the 
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tumors enlarged rapidly. The final stage of growth 
is not shown in the photographs; as the mass filled 
the anterior chamber, increase in size became 
slower and slower. 

The rate of vascularization and the size at- 
tained by the implants remained similar in all gen- 
erations. Thus tumors in the fourteenth generation 
established vascular connections as quickly and 
attained as great a size as in earlier generations 
(Figs. 7 to 9). 

The photographic records served as one means 
for comparing rates of growth in different genera- 
tions. Another means for such comparison was the 
time required for the majority of transplants to fill 
the anterior chamber. Inspection of the last col- 
umn in Table 1 shows that these times varied 
widely, from 37 to 100 days. There was no trend 
toward either a longer or a shorter rate in succes- 
sive generations. Since, as stated abo\’e, care was 
taken to make transplantation as uniform a pro- 
cedure as possible, the variations in growth rates 
must depend on unknown .factors. 

TABLE 1 

Serlu, Intr.\ocular Transpl.wtatio.x of Frog 
Carcinoma through Fourteen Generations* 


Generation 

No. of animals 

No. of 

Average time for trans- 
plants to fill anterior 

of tumor 

inoculated 

takes 

chamber (days) 

1 

10 

1 

GO 

n 

5 

4 

88 

III 

7 

6 

51 

IV 

10 

10 

38 

V 

7 

7 

48 


13 

13 

43 

VII 

It 

14 

00 

VIII 

11 

11 

46 

IX 

25 

25 

100 

X 

10 

10 

43 

XI 

23 

23 

79 

XII 

6 

6 

71 

XIII 

11 

11 

58 

XIV 

14 

14 

09 


— 

— 

— 

Total 

IGG 


854 

* The lablesliows for each generation of transplanted tumors the niinilM'r 


.luei lue iiiirii geiieniiion. Ihe growtli rates, however, did not become uni- 
form but varied widely. 

In confirmation of the view that serial trans- 
plantation did not effect a sustained change in rate 
of growth is a group of experiments which are 
summarized in Table 2. In several generations 
there were encountered transplants which had 
grown decidedl 3 ^ more rapidlj" or more slowlj" than 
their fellows. Thus, during the sixth generation in 
which the majority of the tumors required 43 daj^s 
to fill the anterior chamber, one grew so rapidlj"^ as 
to require but approximatelj^ half this time, 22 
days. But when transplants from this tumor were 
inoculated, the previous rajjid rate was not main- 


tained, the rate of growth approximating that of 
the controls, i.e., of the majority of tumors of the 
seventh generation (cf. first pair of figures in Table 
2). Other and similar examples are given in the 
table, both for rapidty and for slowlj^ growing tu- 
mors. Thus it maj' be concluded that no perma- 
nent alteration in rate of growth was developed bj' 
selective transplantation. 

Manner of growth of transplants in successive gen- 
erations . — Previous studies showed that the car- 

TABLE 2 

Time Required To Fiii Anterior Chamber upon Re- 
transplant.ation of Strai.ns Th.at Previously 
Had Differed fro.m the Majority by Either 
R.\ riD on Slow Growth 



Time required 

No. of ani- 

.kverage time 
for replanted 


by tumor to 

mals subse- 

tumors to fill 

Designation of strain 

fill anterior 

quently 

anterior cham- 

of tumor transplant 

chamber (days) 

inoculated 

ber (days)* 

VI Rapid rate 

22 

G 

57 

VI Average rate 

43 

14 

60 

VII Rapid rate 

38 

0 

64 

VII Average rate 

00 

11 

4G 

XI Rapid rate 

47 

9 

71 

XI Average rate 

79 

G 

65 

VII Slow rate 

103 

C 

50 

VII Average rate 

GO 

11 

4G 

Vm Slow rate 

98 

3 

59 

VUI Average rate 

40 

25 

90 


• Conii>arison of the pairs of figures in this column shows no significant 
dillerenccs in growth r.atcs, i.e., no perninnent nltcrntion by selcctiee trans- 
plantation has been effected. 


cinoma when transplanted to the anterior chamber 
of the ej^e develops according to definite structural 
patterns, their tyqje depending on the immediate 
pltysical environment (2). Three such morphoge- 
entic patterns were recognized : (a) 'Where the tu- 
mor grew out into the aqueous humor, unimpeded 
bj*^ solid tissue, it formed c.vlinders, tubules, c.ysts, 
or papillarj' structures, which gradual^ lengthened 
and became more complex bjr branching. (&) A^liere 
the growing tips or margins of the outgrowths made 
contact with a firm surface, such as lens or cornea, 
adhesion took place and a change in form oc- 
curred; at this point the proliferating cells spread 
as flat membranes over the supporting surface, 
(e) IMiere contact was made with a loose, dis- 
tensible tissue, such as iris, an invasive acinar tyqie 
of growth resulted. 

We have as j^et encountered no factors which 
bring about a decisive change in this unvar.ving 
pattern. But, as stated above, our observations 
hitherto were usualty made on tumor transplants 
in the first generation. Would serial transfer, and 
hence long residence in a new environment — the 
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aqueous humor— modify the growth pattern ? The 
experiments demonstrated clearly that no changes 
in pattern developed. The tumors in all fourteen 
generations grew in a manner quite similar to that 
observed previously (3). Illustrative ex-amples are 
to be seen in Figs. 1 to 6. 

Development of corneal erosion . — We now come 
to a conspicuous effect of serial transplantation, 
i.e., increase in the ability of the tumor transplants 
to invade and destroj^ adjacent tissue. Although 
the frog carcinoma in its normal habitat, the kid- 
ney, is an invasive tumor which tends to destroy 
the surrounding renal tissue, its transplants to the 
eye, during the first few generations at least, verj' 
rarely invaded the ocular tissues other than the 
loose and spongj' iris. The hard, unyielding cornea, 
on the contrary, usually offered an effective bar- 
rier to the spread of the cancer. Upon repeated 
transfer, however, and hence prolonged adaptation 
of the transplant to conditions prevailing in the 
eye, the tumor reacquired its invasive properties. 
Using perforations of the cornea as a readily visible 
criterion of invasion and subsequent destruction, 
it was found that such perforations occurred only 
irregularly and in relatively few animals during the 
earlier generations of transplants, whereas the in- 
cidence rose greatly in the later generations. Thus 
in the first seven generations of transplants, perfo- 
rations of the cornea took place in only three, 
whereas in the following seven generations it oc- 
curred in all. The percentage incidence during the 
first seven generations was 12. G; it rose to nearly 
four times that rate, 44.8, during the following 
seven generations (Table 3). 

The appearance and development of a corneal 
perforation is shown in Figs. 10 to 12. Fig. 10 illus- 
trates a tubulomembranous growth in the eighth 
generation; it is adherent to the inner surface of 
the cornea, occludes the pupil, and has caused a 
slight outward bulging of the cornea. Careful ex- 
amination with high magnification by the slit- 
lamp microscope, before and after instillation of 
fluorescein (an aid in making injuries to the outer 


surface visible), failed to reveal any abrasion of the 
corneal surface. During the following 17 days the 
lesion changed very little; but a second, larger, and 
complete perforation developed near by, through 
which portions of the tumor protruded (Fig. 11). 
During the following 3 weeks the eroded area rap- 
idly increased in size; it had a punched -out appear- 
ance, and the protruding tumor graduallj*^ sloughed 
off (Fig. 12). In the example given, only one com- 
plete erosion occurred, even though another area 
of corneal bulging was present. Occasionally, two 
separate corneal erosions were encountered (Fig. 
19). 

TABLE 3 

Incidence or Coeneai. PERFonATiox in Successive 
Generations of Interaocular Transplants 
OF Frog Carcinoma* 

Xo. of ani- 

Xo. of ani' Rials with PercenlaKe with 

ma/s /ifinff cornea/ cornea/ perfora- 


Generation no. 

over 91 (Jay.? 

perloralion 

tion 

I 

10 

0 

0 

II 

5 

0 

0 

III 

7 

g , 

28.5 

IV 

7 

2 

28.5 

V 

5 

0 

0 

VI 

10 

0 

0 

VII 

14 

3 

21,4 

VIIJ 

0 

1 

10.6 

IX 

17 

7 

41.2 

X 

10 

8 

80.0 

XI 

23 

10 

43.5 

XII 

6 

2 

33.3 

XIII 

11 

5 

45.5 

XIV 

14 

6 

42.9 


• Corneal perforation occurred irregularly and in relatively few animak 
durinf* earlier generations of Iransplanls. After the eighth generation the 
incidence rose greallj'. 

Once an erosion had developed, the tumor usu- 
ally protruded through the opening. As a rule, the 
mass sloughed off, through injury or infection. But 
sometimes tumors that were well vascularized con- 
tinued to grow for weeks, even though they were 
exposed; in such cases the nictitating membrane 
had served as a protecting envelope (Figs. 16 to 
18). 


Figs. 1 to 9. — All figures are unrctouclied photogr-aplis ol 
living tumors. All magnifications are at X9, excepting Fig. 8, 
ivliicli is at X20. 

Figs. 1 to G. — Rate of growth of representative transplants 
in the eighth generation. The photographs were taken 12, 10, 
26, 33, 40, and 51 days, respectively, after transplantation. 

Figs. 1 and 2. — During the earlier stages the outgrowths 
were tubules which rapidly became distended with fluid, thus 
forming small cysts. 

Figs. 3 and 4. — Through thickening of their walls and 
budding inward of new' tubules, the cysts gradually became 
transformed into solid masses. 


Figs. 4 and 5.— Contact of the growth with lens resulted in 
the formation of a membranous carpet of tumor cells. 

Fig. 6.— lYithin 11 days after last photograph was taken 
the now well-vascularized tumor had almost filled the anterior 
chamber. 

Figs. 7 to 9. — -A tumor in the fourteenth generation, 09 
days after transplantation. Fig. 7 gives a front view. Fig. 9 
a side view, of the growth. In both photographs note the vessels 
which arise at the sclerocorneal junction and pass into the 
tumor. Fig. 8 is a photograph of these vessels at higher magui- 
fication. By careful focusing of the microscope and observation 
of the blood flow, it could casili* be seen that the vessels 
penetrated into the tumor tissue. 
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As in the destruction of any tissue by a neo- 
plasm, tlie mechanism of corneal erosion is com- 
plex and not completely understood. A constant 
factor is adhesion of an actively growing tumor to 
the inner surface of the cornea. A factor of impor- 
tance, no doubt, is invasion of this structure by 
tumor cells which insinuate themselves into the 
interstices, thereby interfering with nutrition and 
weakening this normally tough tissue. Also, in- 
creased intraocular tension due to growth of tumor 
must play a part; it manifests itself especially in 
the areas of lessened resistance, where it leads to 
localized bulging (Figs. 14 and 15). Erosion, how- 
ever, may sometimes develop without previous 
local bulging; in such cases the area to which the 
intraocular tumor is adherent rapidly becomes 
punched out as if the cells had undergone lysis 
(Fig. IS). 

In brief,. these experiments indicate that one of 
the malignant properties, i.e., invasiveness, of in- 
traocular transplants of the frog carcinoma is 
enhanced by repeated transfer and prolonged 
maintenance in the anterior chamber of the eye. 

The effect of temperature on groivth of transplants. 
— ^The frog carcinoma is particularly good mate- 
rial for studying the effects of temperature on 
growth of neoplasms. Since the temperature of the 
frog is practically that of its surroundings, we have 
an opportunity to investigate the effects of tem- 
perature over a far wider range than is possible in 
warm-blooded animals. Previously we reported ex- 
periments in which the effect of temperature was 
studied by direct microscopic examination of living 
intraocular transplants mainly in the first genera- 
tion, with a few, however, observed during four 
generations (3). It was found that at a high tem- 
perature, 28° C., the rate of growth was much ac- 
celerated, that the tumors became more rapidly 
vascularized, and that the tubular outgrowth 
tended to beconre cystic through accumulation of 


fluid. At a low temperature, 7° C., growth was 
greatly retarded but did not cease entirely; vascu- 
larization was poor, the outgrowth tended to be 
short and stubby, and rarely became cystic. 

In our present experiments, all the tumor-bear- 
ing frogs were kept at a constant temperature of 
28° C. It seemed of interest to find out whether 
prolonged sojourn at this abnormally high tem- 
perature had so altered the neoplastic tissue that 
it could no longer survive at a low temperature. 
Accordingly, when the tumors had been growing at 
28° C. for 94 weeks and were in the twelfth genera- 
tion, the frogs were placed in a constant-tempera- 
ture room at 7°, where they were kept for 4 weeks. 
During this time the transplants remained prac- 
tically unchanged in size; there was little or no 
evidence of growth. But the exposure to this low 
temperature had not harmed the tumors; for, 
when the frogs were returned to 28°, outgrowths 
became apparent within 3 days and continued 
without interruption in a manner entirety similar 
to the growth in the control group, which had re- 
mained at high temperature. A group of represen- 
tative photographs are given in Figs, 20 to 23, 

The experiments indicate that growth of intra- 
ocular transplants is not altered either quantita- 
tively or qualitatively by long exposure to a high 
temperature. 

The effect of serial transfer on subsequent helero- 
iransplantalion. — ^From earlier experiments we had 
learned that the kidney carcinoma of the leopard 
frog may as readily be established in the ejms of 
other species of the same family of frogs as in the 
natural host. In a species from a different family 
(the toad) the proportion of successful transplan- 
tations was somewhat less; but in animals of dif- 
ferent classes of cold-blooded vertebrates the 
transplants regressed (4). It seemed quite possible 
that, after 2 years of growth in the anterior cham- 
ber, the tumor might be more adapted to the 


Figs. 10 to 19. — All figures are uiirelouched photographs 
of living tumors. Mag. X9. The phaiographs show Ihc deretop- 
ment and appearance of corneal perforations. 

Figs. 10 to 12. — In Fig. 10 is shown a flat tubulomembran- 
ous growth from a transplant in the eighth generation. The 
tumor is adherent to the central portion of the cornea, which 
is bulging outward. Fig. 1 1 shows the appearance 17 days after- 
ward; the bulge has now become eroded. A second, larger 
erosion has developed near by, through which parts of the 
tumor are protruding. By close inspection of the photographs 
It may be seen that numerous small vessels e.xtend from the 
sclerocorncal junction to the edge of the larger erosion. Fig. 12 
shows the eroded area as it appears 3 weeks after the preceding 
photograph was taken. The second erosion has become much 
larger. Note the abundant vessels supplying the tumor. 

Fio. 13. — This photograph of a transplant in the twelfth 
generation shows a sharply circumscribed area of corneal de- 
struction which is not accompanied by protrusion of the tumor. 


Figs. 14 and 15. — Front and .side views of a corneal per- 
foration through which the tumor protrudes. Note that the 
normal curvature of the cornea is retained e.vcept at the 
point of erosion. (From a transplant in the tenth generation.) 

Figs. 1G to 18. — In Fig. 16 is shown the appearance of a 
tumor in the tenth generation, 20 days after inoculation. Note 
the excellent vascularization. Eleven days later {Fig. 17) the 
entire anterior chamber is filled with tumor, and a large cen- 
trally located conical perforation has developed, through 
which the mass protrudes. During the next tl days almost the 
entire cornea has been destroyed. 

Fig, 18. — ^The protruding tumor has been protected from 
injury by the nictitating membrane (which in the photograph 
has been pulled away). 

Fig. 19. — This tumor in the seventh generation occupies 
only a portion of the anterior chamber, but two perforations 
have developed. 
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aqueous humor of alien species. However, this did 
not {irove to be the case. When in the tJiirteenth 
generation the neoplasm was transferred to the 
eyes of 4 bullfrogs (Rana calcsbiana), C toads (Bnfo 
ajncricanm), and S goldfish (Carassins aurains), it 
grew in all the bullfrogs (causing erosion of the eye 
in 1); in the toads it became quickl 5 ' established in 
2 and grew more slowly in 2 others. In the goldfish 
the transplants were promptly surrounded by a 
cellular exudate and at no time showed growth. 
Thus, while serial transplantation had increased 
the number of takes in the natural host, it had not 
facilitated transplantation to alien hosts. 

Serial Iranxplatilalion of a indaslatic tumor . — 
The formation of metastatic colonies by a cancer 
indicates that its malignant properties are fulfy de- 
veloped; for its cells are now able to grow in tissues 
different from those of their origin (5). How would 
metastatic tumors behave when serialb' trans- 
planted? Would they grow more luxuriantly in the 
anterior chamber of the eye than did primary tu- 
mors? The material for investigating these ques- 
tions was a large kidney tumor which had formed 
numerous colonies in the liver. Some of these were 
transplanted into the anterior chamber of 9 frogs, 
each animal receiving an entire small metastatic 
nodule. Nine other frogs were similarly inoculated 
with bits of the primary tumor The subsequent 
experimental procedures were identical with those 
described in the introduction. None of the trans- 
plants of the primary tumor became established 
and all soon regressed. On the contrary, 1 of the 9 
metastatic nodules grew vigorously; upon retrans- 
planting it to the second generation, 10 of 11 tu- 
mors became established: thereafter, all the trans- 
plants grew (Table 4). This incidence of takes is 
very similar to that obtained for the primary tu- 
mor, studies of w’hich have been summarized in 
Table 1. The transplants of the metastatic tumors 
were maintained for 385 days, during which they 
were passed through five generations. Their pat- 
tern of growth was entirel.v similar to that of 


transplants from primary tumors. There was, dur- 
ing early stages, a period of relatively slow growth, 
followed by a later period of rapid growth (Figs. 24 
to 27). The characteristic formations of tubules, 
cy'sts, and membranes were all observed. The rate 
of growth tended to be somewhat slower than the 
rate reported in Table 1 for a primary tumor, but 
no significance can be attributed to such minor 
variations. 

The invasiveness of the metastatic tumor was 
not greater than that of a primary neoplasm when 
transplanted to the eye. Corneal invasion and 
perforation occurred in only 2 of the 43 animals: 
this is in keeping with the low incidence during 
earlier generations of implants from primary tu- 
mors. The experiments were discontinued after the 
fifth generation because it was evident that trans- 
plants from metastatic tumors reacted in the same 
%vaj' as did primary tumors. 

TABLE 4 

Serial Intraocular Transplantation of 
Metastatic Carcinoma through Five 


Generation of 

Geseuatioxs* 

No. of fro/js 

Average time for 
transplants to fill 
anterior cliaraber 

tumor 

inocuintetl 

No. of takes 

(dnj’s) 

I 

9 

1 

83 

11 

n 

10 

88 

III 

7 

7 

70 

IV 

7 

7 

74 

V 

9 

9 

70 


♦Except for n somewlint slower rote of growth, the metastAtic carcino- 
mas behave similarly to the primary tumor, studies of which are summarized 
in Table 1. 


SUMMARY 

A renal carcinoma of the leopard frog has been 
successfully maintained in the anterior chamber of 
the eye through fourteen serial transplantations 
over a period of 2 years and 3 months. The char- 
acteristics of the growth of the tumor were ob- 
served in vivo with the slit-lamp microscope. After 


Figs. SO to S7. — All figures are unretoiichcd photographs of 
living tumor. Mag. XS. 

Figs. SO and SI. — The effect of low temperature on growth 
of tumor. Fig. SO shows the appearance of a transplant in the 
twelfth generation on the day that the frog, previously kept in 
n thennost.it room at SS” C., was transferred to a constant 
temperature of T° C. .After remaining at the low temperature 
for 4 weeks, the tumor is seen to be almost unchanged; there 
is very little evidence of growth (Fig. SI). 

Figs. SS and S3. — The effect of high temperature on tumor 
growth. Tiicsc photographs .are of transplants belonging to the 
same seric-s .as those of the two preceding figures. The animal, 
which had been left .at.S8° C., remained at this temperature for 
4 additional weeks. In Fig. SS is given the appearance of the 


transplant at the beginning of the e.'cperinient; in Fig. S3 at 
the end, the anterior chamber has almost been filled by the 
vigorous growth. Figs. 33 and 33 should be compared with 
Figs. 30 and 31, respectively, to show the growth-accelerating 
effect of temperature. 

Figs. 34 to 37. — Growth of a fiver metastasis after five serial 
transplantations in the eye. Fig. 24 shows the appearance of 
the tumor 1 week after inoculation; Fig. 25, the appearance 
1 week later. In Pig. 26, taken 11 weeks after inoculation, 
about two-thirds of the anterior chamber has become filled; 

1 week afterward the entire chamber has been occupied 
(Fig. 27). Compare tlie relatively slow rate during the first 

2 weeks of the e.vperiment with the rapid rate of growth during 
the last week. 
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repeated transfer, the growth of the implants be- 
came more invasive, as indicated by increasing _ 
frequency of corneal erosion. The general pattern 
of growth, however, as well as the response to tem- 
perature and heterotransplantation remained re- 
markably stable. 

Metastatic tumors located in the liver were 
similarly studied in five generations. Both in vigor 
and in pattern the growth of these transplants was 
found to correspond closely to that of primary 
tumors. These results suggest that primary tumors 
and their metastases will grow in like manner when 
placed in a similar environment. 
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Transplantation of Heterologous Tumors by the Intravenous 
Inoculation of the Chick Embryo*!^ 
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AND Henry F. Lee, M.D. 


{From the Harrison Departmeni of Surgical Fcsearcht School of Mcdictnc^ Ij niversity of Pennsylvania 
and the Children's Hospital of Philadelphia) 


Tliis report is concerned with the transplanta- 
tion of cells of certain mammalian neoplasms into 
the living chick embryo by injection of these cells 
into the allantoic vein. Although the technic of al- 
lantoic vein injection has been reported previouslj', 
it has not been used heretofore as a technic for 
implanting tumor cells from the same species or 
from another. 

It is well known that tissues transplanted from 
one species to another fail to grow except under 
certain conditions. Such heterologous transplants 
have been successful in the anterior chamber of the 
eye and on the chorio-allantois or in the yolk sac of 
the chick embryo. In specific instances other 
methods have had limited success. 

The fact that many types of tissue have been 
grown for short periods of time on the chick 
chorio-allantois may be related to the absence of 
antibody formation. The absence of complement 
from the serum of the chick embryo was noted as 
early as 1907 (1). In 1929, Grasset (2) observed 
that the chick embryo lacked the ability to pro- 
duce antibody. Polk, Buddingh, and Goodpasture 

(3) in 1938 showed that complement for sensitized 
sheep cells was not present in the serum, extra- 
embryonic fluids, or tissues of the chick embryo, 
before hatching. Just at hatching or immediately 
afterward it was suddenly present and gradually 
increased to a maximum in the adult fowl, hlurphy 

(4) in 1914 observed that there was no reaction 
upon the part of the chick embryo to foreign tissue 
growing on the chorio-allantois until the eight- 
eenth day of incubation. 

The failure of growth of heterologous tissue, 
either normal or neoplastic, has been thought to be 
based on immunity reaction and species specificity. 
Therefore, it seemed reasonable that successful 

* Rc.-id at the annual meeting of the American Association 
for Cancer Research, Atlantic City, N.J., March, 1948. 

t This work was carried out in the laboratories of the Henty 
Phipps Institute, of the University of Pennsylvania. 

t The equipment was supplied by the Ilcyden Chemical 
Corporation. 


transfer of heterologous tumor tissue might be 
effected in the chick embrjm if only for a limited 
period of time. The presence of growth-promoting 
substances in the rapidly growing chick embryo 
should make it an ideal medium for growth of 
heterologous tissue. Furthermore, it seemed that 
the environment of the tumor tissue within the 
embryo itself would approximate more closelj’' the 
environment of such tissue as seen in patients than 
would tumor growth upon the chorio-allantois or 
within the yolk sac. 

Previous experience of Lee, Stavitskj% and Lee 

(5) and Lee and Stavitslcj"^ (6) with intravenous 
inoculation of chick embryos with suspensions of 
Mtjcobacieriim iiihercuhsis suggested that this 
method might be useful in establishing heterolo- 
gous tumor growth within the embryo. The use of 
tliis technic also offered an opportunity to deter- 
mine what tissues were most likely to be the site of 
metastasis following blood stream dissemination. 

Sterile tumor tissue was obtained from patients 
at operation, from tumor-bearing rats and mice, 
and from tissue culture. The tumor tissue was col- 
lected under aseptic precautions. It was then 
forced through a 70-mesh Monel wire screen, and a 
sterile suspension of tumor cells in physiological 
saline was prepared. Lewis (7) has determined that 
such suspensions contain viable cells. 

Chick embryos incubated for 11 days were se- 
lected and the eggs candled. A portion of the egg 
shell over the air sac was removed and the shell 
membrane carefully stripped off, exposing the 
chorio-allantois. An inoculum of 0.05 cc. of the 
tumor-cell suspension was then injected intrave- 
nously. The eggs were sealed with Scotch tape, 
which formed a window through which one could 
observe the developing chick embryo. The surviv- 
ing embrjms were sacrificed on the twentieth day 
of incubation, or 9 days after inoculation. 

In all, 278 embryos were injected intravenously 
with 0.05 cc. of sterile tumor-cell suspension in a 
series of 17 experiments. Following the intravenous 
injection of physiological saline alone in 11-day-old 
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embrj-os, 70 per cent survival is expected. Survival 
following the intravenous inoculation of chick em- 
bryos with sterile tumor-cell suspensions averaged 
about 50 per cent. This survival has been im- 
proved recently by the addition of small amounts 
of penicillin to the tumor-cell suspension, which is 
allowed to stand at room temperature for § hour 
prior to inoculation into the embryos. 

By this technic the C57 strain mouse sarcoma 
(Table 1 ) was successfullj’- grown. In 81.7 percent 
of surviving embryos injected with this tumor-cell 
suspension no growth was demonstrated,^' while 
18.3 per cent of surviving embrjms showed evi- 
dence of tumor gronlh. In several cases the 
growth was small, but definite nests of tumor cells 
could be found histologically in sections of the liver 
or brain or both (Figs. 1-3). No evidence of tumor 
metastasis was found in the kidney or spleen. In 
one instance, although the chick itself appeared to 

TABLE 1 


The GnowTH of Rodent Tumors 
IN THE Chick Embryo 


Tumor 

Time interval be- 
tween removal of 
tumor from 
source and 
injection 
into chick 

No, of 
embrj'os 
surviving 
after intra- 
venous in- 
oculation 

No, of 
takes 

C57 strain mouse 

sarcoma 

1 hour or less 

60 

11 (18.3%) 

CsH strain mouse 

carcinoma 

1 hour or less 

18 

0 

Total 


78 

11 (14.1%) 


be normal in size and development, diffuse nodula- 
tion of the liver was observed grossly. On histologic 
examination, about one-fourth of the liver tissue 
appeared to be replaced by tumor tissue, and the 
brain was diffusely invaded by nests of tumor 
cells. These appeared to be similar to the parent 
tumor cells. jNIitoses were present as was frequent 
blood vessel invasion. Occasionally a bile canalicu- 
lus appeared to be invaded by tumor cells. 

The C 3 H strain mouse mammarj’^ carcinoma 
failed to grow. 

Tumor transfer from human beings (Table 2) 
was accomplished in four instances. Nine and six- 
tenths per cent of the surviving embrjms injected 
with such tumor suspensions showed microscopic 
takes in sections of the liver but not in other em- 
bryonic tissues. These takes were all small. The 
tumors from patients which showed evidence of 
growth within the embryo were two neuroblasto- 
mas, a cerebral hemangioblastoma, and a cerebral 
metastasis secondary to a bronchogenic carcinoma. 
The lapse of time between removal of the tumor 


from the patient and inoculation of the tumor-cell 
suspension into the chick embryo may be respon- 
sible for the few takes and small growth of human 
tumor tissue within the embryo. 

Following the intravenous injection of normal 
cells from the embryonic chick liver or brain, 
perivascular cellular infiltration and occasional 
focal necroses were seen histologically in the livers 
of the surviving embryos, but there were no 
changes suggestive of tumor formation. 


TABLE 2 


The Growth of Human Tumors 
IN the Chick Embryo 


Time interval 
between removal 
ol tumor from 
source and 
injection 
into chick 


Tumor (hours) 

Neuroblastoma ' 6 

Chondrosarcoma 
(cadaver) 4 

Metastatic adeno- 
carcinoma* 30 

Medulloblastoma 7 

Neuroblastoma 7 

Neurofibroma 
(cerebral) 7 

Hemangioblasto- 
ma (cerebral) 2 

Metastatic carci- 
nomaf (cerebral) 3 

Metastatic adeno- 
carcinomaf 10 


No. of em- 
bryos surviv- 
ing after 
inoculation 

9 

0 

0 

4 

4 

5 
3 

15 

1 


Total . . 43 

• Probably from colon, 
t Probably from Iting. 
t Probably from cecum. 


No. of 
takes 


1 

0 

0 

0 

1 

0 

1 

1 

0 

4(9.0%) 


So, of chicks injected 
I.V. with tumor- 
cell suspensions 

278 


TABLE 3 
Summary 

No. of No. of 

sur\’ivors takes 

121 15 (12.4% of survivors) 


In the entire series of experiments there was evi- 
dence of tumor growth in the brain or liver of 12.4 
per cent of surviving embryos injected intrave- 
nously with tumor-cell suspensions. The neo- 
plastic cells maintained their histologic character 
in the embryo and closely resembled the parent 
tumors. This morphologic evidence suggests the 
probable identity of the transplants vlth the 
parent tumors. Experiments are now under way to 
effect serial transfer of heterologous tumor trans- 
plants. In the case of transplants of animal tumors 
we are attempting to return such transplants to a 
member of the original host species. .Attempts are 





Fig. 1. — Mct.xsl.itic nodule in the liver of .i 20-<lay-old 
chick embryo following intravenous inoculation with the 
C57 -Strain mouse sarcoma. Mag. X330. 

Fig. 2. — Diffuse involvement of the brain of a 20-day-oId 


chick embryo injected intravenously with the C57 strain 
mouse sarcoma. Mag. XICO. 

Fig. 3. — Higher magnification of a section of the brain of 
a 20-day-old chick embryo injected intravenously with the 
C57 strain mouse sarcoma. Mag. XCCO. 
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also being made to determine wliat happens to the 
tumor transplants after the chick is allowed to 
hatch. 

At this time it can be stated that it is possible to 
grow heterologous tumors by the intravenous in- 
oculation of the chick embryo with sterile tumor- 
cell suspensions, although we have not been able 
as yet to propagate tumors by this method con- 
sistently. 
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Tlint eslrogen can play a role in tumorigenesis 
is a well-established fact (20-22). The observed 
role of continuous dosage with estrogen for long 
l)eriods in the induction of genital and extra- 
genital fibroids in the guinea pig (31), along with 
the production of fibromyoepitheliomas of the 
utrieular bed of the prostate (33), have led us to 
conduct similar experiments in male Dutch rab- 
bits. The production of abdominal fibroids is evi- 
dently a specific reaction of the guinea pig; such 
tumors are not obtained in rats, mice, or monkeys 
(32). 

The literature is replete with studies on the ef- 
fects of estrogen on male sex accessories, hlucli of 
the earlier work lias been summarized briefly by 
hloore (35) and Allen, Hisaw, and Gardner (1) 
and extensively by Gardner (20). Zuckerman (39), 
Burrows (8), Emmens and Parkes (16), and Bern 
(2). The extremes of fibroinyotropic and epithelio- 
tropic effects on the male sex accessories due to 
estrogen have been deserihed in the mouse (4, 14, 
28), in the rat (26), in the dog (15, 24), in the 
guinea ])ig (10, 33). in the monkey (30, 40). in the 
ground squirrel (38), and in the opossum (9). How- 
ever, only Lipsehiitz cl al. (33). using the guinea 
pig, reported extensive prostatic fibromyoepithe- 
lioinas as a result of uninterrupted e.xposure to 
subcutaneously implanted estrogen pellets (for 7 
to 11 months). 

The rabbit has only occasionally and inconi- 
jiletely been considered in work on tlie effects of 
estrogen in the male. In Zuckerwan’s very exten- 
sive 1940 review of the histogenesis of tissues sensi- 

* .\i()od b.v a Resc.ireli Grant from the Universitv of Cali- 
foniia Board of Rcscarcli. 

t Prc.<enl address: Department of Zoi'hgy-, fnivcrsitv of 
California. Bcrkele.v 4. California. 


tive to estrogens (39), no reference is made to the 
accessories of the male rabbit. Lacassagne (29, SO) 
first noted the “pseudohermaphroditic” appear- 
ance of the intact male rabbit after estrogenization 
and described atrophy of the testis and hj'per- 
trophy of the epididymis and vas deferens. Frazier 
and Hu (18) indicated some of the extreme effects 
of estrogen in intact rabbits, without including 
histologic description. Their photographs clearly 
show a decided hjTertrophy of the caudal epididy- 
mis and the seminal vesicle. The reactions of the 
rabbit seminal vesicle to estrogen have been stud- 
ied in some detail by Deanesly (13), who incorrect- 
ly considered the gland to be a uterus masculinus, 
and by Jost (25). 

Since the beginning of the study reported here- 
in, the paper of Chevrel-Bodin and Leroy (12) has 
become available, and our data as reported below 
are in part confirmatory of the French workers’ re- 
sults. We were particularly concerned with any 
evidence of possible tumorous gron-ths in rabbits 
subject to continuous estrogenization for almost 
2 years. 

MATERIALS AND METHODS 

Twelve male Dutch rabbits were used in this 
study, ranging in age from 11 to 42 months at time 
of sacrifice. They were kept on a diet consisting of 
standard commercially prepared pellets, supple- 
mented by greens and/or carrots once or twice a 
week, and cod-liver oil poured over the food pellets 
once a week during the latter half of the experi- 
ment. 

Three of these rabbits (21, 24, and SO months of 
age, averaging 2.9 kg. in weight at time of sacrifice) 
served as intact controls. These rabbits showed ac- 
cessories no different from those of numerous 
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younger Dutcli rabbits employed as controls in 
other studies (2) with one exception: the prostates 
of the older animals were characterized by very 
large numbers of corpora amylacea, some of them 
huge and irregular in shape. 

Five of the experimental rabbits were bilaterally 
castrated at the beginning of the experiment; one 
was unilaterally castrated, unilaterally crypt- 
orchid; and three, remained intact. Castration was 
performed, through the scrotum, and the entire 
epididymis was removed with the testis. Weighed 
pellets of estradiol dipropionate were implanted 
subcutaneously on the inner surface of the right 
thigh by means of an incision or by a trochar, and 


genization was being maintained. It is possible 
that palpability is not a good criterion for mainte- 
nance of hormone supply, inasmuch as Geist, 
Walter, and Salmon (23) have shown that a thick 
avascular capsule is formed around subcutaneous 
pellets of a-estradiol and a-estradiol benzoate in 
man, which reduces absorption to practically nil 
after 3 months. However, in our rabbits, external 
signs (nipples, penis, dewlap) indicated that estro- 
genization was being continued as long as the pel- 
lets were present. 

Any tissues suspected of pathologic changes, 
along with the entire urogenital tract, were fixed 
in Bouin’s fluid and routinely dehydrated. Sample 


TABLE 1 

Response of Male Rabbits to Long-Dur.vtion Estrogenization 

SeUtyAL VESICLE 



Age at 

SACRIFICE 

Condition 

Ddration 

OF TREAT- 
MENT 

Me. ES- 
TRADIOL 

DIPROPIONATE 

Extent and 
thickness of 

Fibromuscu- 
lar thick- 

Maxi- 

mum 

width 


Animal no. 

(months) 

OF TESTES 

(days) 

AQSORDCO 

metaplasia (ji) 

ness (m) 

(mm.) 

Remarks 

NC-31 

21 

Intact control 



0 

730 

4.2 


NC-32 

24 

Intact control 



0 

630 

5.9 


NC-30 

30 

Intract control 



0 

• 750 

5.1 


EST-6 

12 

Castrate 

159 

4.6 

Complete: 60 

1230 

20.1 


EST-3 

11 

Intact 

191 

8.7 

Patches: 40 

1250 

12.9 


EST-8 

21 

Castrate 

435 

19.3 

Complete: CO 

2000 

14.8 

Proliferative lesions and 
prefibroma in vas 

EST-r 

22 

Intact 

444 

16.6 

Complete: 45 

2040 

12.0 

EST-9 

‘22 

Unilateral crypt- 
orchid 

466 

18.7 

Patches; * 

1660 

18.7 

Proliferative lesions in 
epididymis and vas 

EST-4 

24 

Intact 

582 

29.1 

Complete: 130 

1370 

15.2 

Rectum hypertrophy, 
epididymidal fibroma 

EST-2 

42 

Castrate 

609 

22.1 

Complete; 35 

1920 

11.0 


EST-5 

27 

Castrate 

632 

29.3 

Patches: * 

845t 

33.0 


EST-1 

25 

Castrate 

633 

34.0 

Complete: 110 

1740 

18.1 

Rectum hypertrophy; 
proliferative lesions in 
vas 


* Too irregular to measure. 

t Seminal vesicle enormously distended vritli secretion. 


new pellets were added from time to time. Toward 
the last half of the experiment a-estradiol pellets 
were used in place of the ester, but the recorded 
total hormone absorption shown in Table 1 is com- 
puted by converting the weight of the a-estradiol 
absorbed to the equivalent dipropionate ester 
weight. 

The animals were 4 to 7 months of age at the 
time that pellets were first implanted, with one 
exception, EST-2, which was 22 months old. In 
castrates, pellets were implanted at the time that 
the testes were removed. All experimental rabbits, 
except EST-3 and EST-6, which died after 191 and 
159 days of treatment, respectively, and EST-4, 
which had a paralyzed right leg, were in good con- 
dition at time of death. 

New pellets were implanted when the old pel- 
lets were still slightly palpable. It was felt that as 
long as the pellets were distinctly palpable, estro- 


sections of the several organs were cut at 6 g and 
stained with hematoxylin and eosin. The basis for 
the nomenclature of the several accessories em- 
ployed herein has been discussed previously (3). 

RESULTS 

External appearance . — External evidences of 
feminization were prominent in all estrogenized 
animals. These included (1) enlargement of the 
mammae and nipples, including the production of 
a watery milk; (2) transformation of the penis into 
a vagina-like (hypospadic?) canal and reduction or 
disappearance of the scrotal sacs; (3) appearance 
of a prominent, characteristically female, ruff of 
skin on the neck (dewlap, see Frazier and Mu [19]). 
In addition, small papillomata on the prepuce, 
mentioned by Lacassagne (29) as occurring in rab- 
bits after very large doses of estrone, were fre- 
quentb' observed. 
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Extra-genital viscera . — ^^litliough organs other 
than those of the reproductive sj’stem were not 
studied histologically in detail, certain gross ob- 
ser^'ations were made and confirmed in histologic 
study. Kidney h 5 ^)crtrophy was evident, and in 
four animals distinct areas of fibrosis were noted in 
the kidneys. One of tiie.se animals showed a large 
calculus in the right ureter, with calculous deposits 
in the kidney and tremendous hydronephrosis. In- 
dications of pathologic alterations were found also 
in some adrenals and livers. 

The hkadder walls were thickened, and there 
was an increase in urinary sediment residual in the 
bladder. Definite fibrosis of the connective tissue 
mesentery in the rectum-seminal vesicle area oc- 
curred, and in two animals hjijertrophic clianges in 
the rectum were apparent. Such changes in the 
rectum have not been reported previously as a se- 
quel to heavy estrogenization. In EST-1, hj'per- 
troj)hy of the individual smooth muscle fibers in 
the rectum, which appeared “swollen,’’ produced a 
thickening of the fibromuscular wall to about 
twice normal. In EST-4, the smooth muscle cells 
of all the muscle layers (including the muscularis 
muco.sae) were enormously enlarged, resulting in a 
fibromu.scular wall about three times thicker than 
normal (cf. Figs. 7 and 8). In both cases, the rectal 
lumen was considerabl}’’ larger than normal. 

No evidence of abdominal fibroid formation was 
found. 

In si.K of the nine extrogenized rabbits in our 
.series, extensive fat deposits were noted along the 
vasa deferentia (Figs. 1 and 2) and in the epididy- 
mides of the intact animals, as well as in the blad- 
der neck region. Histologic section revealed that 
these deposits were often intermuscular and sub- 
fibrosal and were responsible for some of the gen- 
eralized hj'pertrophy of the vasa and the epididy- 
mides. Chevrel-Bodin and Cormier (11) reported 
irregularities in fat metabolism in 7 per cent of a 
scrie.s of estrogenized rabbits. In addition to tu- 
mors {clridomc) at the site of injection of hormone, 
they observed fatty deposits in the inguinal fold 
and in the viscera. 

Teslis and cpuUdi/mis. — ^I'he testes in the three 
estrogenized intact rabbits and the one unilaterally 
cryptorchid rabbit were all atrophic and intra- 
abdominal. Microscopic sections showed two dif- 
ferent jjictures: the testes of EST-.*! and EST-7 
consisted of atrophied tubules with little evidence 
of interstitial tissue; the testes of EST-4 and 
EST-fi were almost exclusively masses of inter- 
stitial cells with a few atrophic tubules. 

The caudal epididymis was hj-jjertrophied to 
huge j)roportions in the estrogenized intact rabbits 
(Fig. 1). Some of the tubules were extremely di- 


lated and cystic; others were heavily metajdastic. 
The estrogen-induced metaplasia was generally to 
a stratified columnar epithelium. The normal cau- 
dal epididymis contains efferent ductules, ductus 
cpididymidis, and the coiled portion of the vas 
deferens, as well as possible jliillerian vestiges; 
however, we were unable to classify anatomically 
the tubules in the estrogenized epididjunis. 

Subfibrosal and intertubular fat deposits were 
present in the hypertrophic epididymis, which also 
evidenced a pronounced increase in muscle and 
connective tissue. In one rabbit (EST-4) a wide- 
spread fibroma was found in the epididymis (Fig. 
9); in another (EST-9) epithelial proliferations 
had invaded the connective tissue and the muscle 
las'ers. Three rabbits showed some true keratiniza- 
tion of one or more tubules, and lymphocytic and 
polymorphonuclear infiltration (including intra- 
epithelial abscesses) was evident in all. 

Vas deferens . — In all estrogenized rabbits the 
vasa deferentia were hypertrophic, generall 5 f show- 
ing discrete swellings of muscle and fibrous tissue 
.along their course, as well as intermuscular and 
subfibrosal fat deposits (Figs. J and 2). Sections re- 
vealed either multiple canals or a single large 
canal lined by a slightly met.aplastic epithelium 
(transitionoid). Polymorphonuclear and lympho- 
cytic infiltration was generally hea\'y. 

In two animals, EST-1 and EST-8, glandular 
proliferations from the vas deferens had invaded 
the connective tissue stroma and the muscularis, 
and small groups of detached epithelial cells were 
found scattered in the surrounding tissues (Fig. 4). 
The cancerous nature of these changes is open to 
question, since their independence of continued 
estrogenization was not determined. Similar 
growths in the uterus of the mouse (34) and of the 
rabbit and guinea pig (37) treated with estrogen 
(Selye’s “experimental invasive endometriosis”) 
have been described. Sections of the %'’as deferens 
near the epididymis of EST-9 showed proliferative 
(and keratinizing) changes probably continuous 
with those found in the epididj'mis proper. In ad- 
dition, the vas deferens of EST-8 showed a pre- 
fibromatous nodule, resembling the epididyraidal 
tumor in EST-4. 

The ampullary region of the vasa deferentia re- 
tained a fairly normal appearance. Although less 
extensively glandular than in sexually mature rab- 
bits, the ampullae showed infrequent metaplasia, 
and the main lumen was surrounded by numerous 
glands lined by a tall columnar, evidently secre- 
tory, epithelium. Ljunphocj'tic infiltration was 
characteristically hea^'y in the inter- and circum- 
glandular stroma. 

Seminal ve.ticlc . — The most striking effects on 





Fig. 1. — Sex accessories and testis-epididy- 
mis of 22-montIi-old unilaterally cryptorcliid 
Dutch rabbit after absorption of 18.7 mg. 
estradiol dipropionate over .a 4GG-day period. 
Mote seminal vesicle and epididymis lij^jertro- 
piiy. and fat-inclosed vas deferens. Dotted line 
demarcates anterior limit of vesicular gland. 
JIag. X0.8. sr, seminal vesicle; pr, prostate 
and vesicular gland; bu, bulbourethral gland; 


Ic, testis; cc, caudal epididymi.s; I'd, vas de- 
ferens. 

Fig. a. — Cross-section of vas deferens of 
22-month-old intact Dutch rabbit after ab- 
sorption of 16.G mg. estradiol dipropionate 
over a -tH-day period. Note intermuscular 
fat deposits, muscle nodule.s, and multiple 
canals (those on the right possibly Mullerian 
in origin). Mag. XI 2. 
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Fig. S. — Mctaplaslic cpitlielium of nominal vc?iicU’ of H- 
month-old Dutch rabbit, castrate ^Yitll abs irplion of 4.0 inp. 
estradiol dipropiouale over a ISPnlay potuxl. Note “trausi- 
tionoid." iionkcratinize<i character. Map. X400. 

Fig. 4. — Area of muscular wall of vas defeaMis of 5a-monlli* 
old Dutdi rabbit, castrate with absorption of S4.9 lup, estra- 
diol dipropionate over a CSS-ilay perio<l. Note glandular pro- 
liferations invading connective tL<suc and iiUL«cle. Map. XISO. 

Fig. 5. — Alveoli (t^’pe S) in vesicular gland of 25-inonth- 


old Dutch rabbit, c:istrate with absorption of S4.0 mp. estradiol 
dipropiouate over a G'lSxlay poriwl. Note adenomatous char- 
acter; desquamating, but nonkeratiniroil surface layers. Map, 
XISO. 

Fig. 0 . — .Vlveoli (type 2) in vesicular gland of 27-month- 
old Dutch rabbit, castrate with al>sorplion of lO.S mp. estradiol 
dipropionate over a 4S5-<lay period. Note irregularly meta- 
plastic, stratiiiLsl columnar epithelium. Map. X180, 
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the seminal vesicle were the gross increase in size 
and the fibromuscular hypertrophy (Fig. 1), botli 
extremes of the trends observed in rabbits treated 
for short periods with estrogens (2). All the estro- 
genized rabbits of this series possessed a huge 
seminal vesicle, with apparent stimulation of both 
muscle and connective tissue. The subepithelial 
stroma was edematous, but the bulk of the hyper- 
trophy was due to the hyperplastic smooth muscle. 
Hyperemia was also evident. Table 1 lists some of 
the data illustrating the definite fibromyotropic 
and epitheliotropic effects of estrogen on the 
seminal vesicle. 

Some epithelial metaplasia (Fig. 3) was evident 
in all seminal vesicles, ^'arying from metaplastic 


patches in a eolumnar epithelium lining as in 
EST-3 (191 days of treatment) to a completely 
metaplastic epithelium, 130 g thick, as in EST-4 
(582 days of treatment). This metaplastic epithe- 
lium is difficult to classify. It is definitely not strat- 
ified squamous and can probably best be described 
as stratified columnar or “transitionoid.” 

It should be pointed out that glands of some 
kind were present in all the seminal vesicles. All 
except two rabbits showed intraepithelial glands, 
and all except one possessed modified tubuloalve- 
olar glands. The seminal vesicles possessed one or 
more of the following types of glands : shallow pits, 
branched tubules, large active glands lined by tall 
columnar epithelium, metaplastic alveolar glands, 



Pjp 'j' — R ectum wall of 24-month-oid intact 
Dutch rabbit after .absorption of 29.1 mg. estradiol 
dipropionate over a 582-day period. Note hj-per- 
trophy of all muscle layers, including musculans 
mucosae (cf. fiig. 8). Mag XGO. 



Fig. 8.— Rectum wall of 21 -montli-oId normal 
control Dutch rabbit. Mag. X60. 

Fig. 9. — Area of epididymidal fibroma m -4- 
month-old intact Dutch rabbit after absorptmn of 
29.1 mg. estradiol dipropioiiate over a 58~-day 
period. Mag. X180. 
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huge dilated cysts -n-ith flattened epitlielium. Se- 
cretorj' material was present in most of these 
glands. 

There was no consistent difference between the 
main body of the gland and the duct, metaplasia 
being equally e.xtensive in both. Polymorjihonu- 
clear and lymphocjdic infiltration was univer- 
sally present: intraepithelial and glandular ab- 
scesses, as well as subepithclial lymphoid aggre- 
gations, were common. One animal, EST-9, 
showed a large sac lined by tall columnar epithe- 
lium with densely granular cytoplasm located be- 
tween the duct of the seminal vesicle and the ure- 
thra. This structure was located in the same posi- 
tion as the true uterus masculinus described in a 
normal albino rabbit (3) and showed evidence of 
nonmetaplastic epithelial stimulation. 

Vesicular gland and prostate. — ^There was con- 
siderable variation in respon.se to e.strogens in the 
vesicular gland and prostate. In general, fibromus- 
cular hj-pertrophy and In^peremia were pre.sent in 
all. The parenchyma was equal to, or more abun- 
dant than, the fibromuscular tissue. In most ca.scs 
the glands were somewhat smaller than normal, 
but in two animals the vesicular gland was notably 
hj’pertrophic. owing to cystic dilatation of several 
of the alveoli and to fibro.sis and edema of the 
stroma. 

The glandular re.sponse was striking in all ca.se.s. 
Four arbitrarily defined alveolar types could be 
seen in different regions of the gland, generally 
several tjqjes in a single gland: (1) cystic alveoli, 
lined by a stratified or simple squamous epithe- 
lium, with fumina often containing leukocytes and 
some secretorj’ material; (2) alveoli lined by a dis- 
organized, irregularly metapiastic, stratified co- 
lumnar epithelium, .several layers thick (Fig. 0) — 
probably tran.sitional between tjpes 3 and 4; (.3) 
heavily metapla.stic alveoli (Fig. .5), often solid 
cords or with extensive papillomatous ingrowths 
into the lumen, and “adenomatous” in appear- 
ance; cells transitionoid or stratified columnar; 
occasional intraepithelial glands and frequent ab- 
scesses; generally terminal to tjqie 4, apparently 
new growths into the stroma; (4) alveoli lined b.v 
simple tall columnar or two-layered epitheliiiin 
with cells secretorj' in appearance, with occasional 
metaplastic patche.s. 

Tjpe 3 alveoli occurred extensivelj' and re.sem- 
bled neoplastic growths in their appearance. iMela- 
pla.sia in the prostate and vesicular gland was often 
more profound in the alveoli than in the more 
pro.vimal ducts. Polj-morphonuclears occurred in 
the lumina and between the epithelial cells in large 
numbers; Iv’mphocj'tes were concentrated in the 
circumalveolar stroma. 


2s o evidence of cornification of the metaplastic 
epithelium was seen in anj' of the urogenital struc- 
tures except the prostatic urethra and certain 
tubules in the epididj’mis in some animals. Some of 
the vesicular gland alveoli in EST-9 showed epi- 
thelial .sloughing of precornified cells, which proh- 
ably represents the “comified” desquamation re- 
ferred to by dost (25). Evidently the reaction of 
the male sex accessories to estrogen in the rabbit 
does not include true keratinization. 

The prostate of EST-4 was nearlj- normal in ap- 
pearance. with alveoli lined largelj' bj' tall co- 
lumnar. actively secretorj' epithelium. This animal 
pos.sessed a te.stis .showing interstitial cell hj'per- 
trophy and maj' be an instance of acquired resist- 
ance to estrogen, as was described in a male mouse 
bv Burrows (7). Several of the estrogenized pros- 
tates showed corpora amj'lacea. 

DISCUSSION 

The observation.s reported above are in sub- 
stantial agreement with those in Chevrel-Bodin 
and Leroj'’s e.xperiments (12) on a large .series of 
estrogenized rabbits. We did not observe anj' great 
degree of cj'slic dilatation of the rete testis; how- 
ever. both the tubular and the intenstitial cell 
Ij'pes of testes were found- Interstitial cell hj'per- 
trophj' has also been reported in mice after treat- 
ment with certain estrogens (5). In theepididj'mis, 
we observed a fibroma and invasive epithelial 
growths, as well as fibromuscular lijpertrophj', 
cj'stic dilatation, and metaplastic tubule.s. Similar- 
Ij', in the vas deferens, in addition to the fibro- 
muscular overgrowth, we noted one prefibroma 
and two instances of invasive epithelial growths. 
Chevrel-Bodin and Leroj' pointed out e.xtensive 
metaplastic and proliferative lesions in the am- 
pullae, which we found were least affected of all 
the accessories and ducts in our rabbits. 

Our descriptions of the epithelial and fibronuis- 
cular changes in the seminal vesicle, prostate, and 
vesicular gland are consistent with the earlier 
work. Chevrel-Bodin and Leroj' concluded that 
the groups of solid cords observable in the prostate 
and ve.sicuiar gland (not distinguished in their re- 
port) represented true adenomatous lobules. 

It is obvious that the effect of estrogen on the 
acces.sories is universallj' stimulatorj'. Both the 
fibromuscular and the epithelial components re- 
acted to the stimulus. The nonnal .secretorj' epi- 
tlielium was generallj' lost, but some secretorj' ac- 
tivitj' was apparent in the replacing epitlielium. 
The distended seminal vesicle of EST-5 (33 mm. 
in width) was particularlj' noteworthj' in this re- 
gard. 

The e.xtensive metaplasia occurring in the pros- 
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tate, vesicular gland, and seminal vesicle is differ- 
ent in the rabbit from that seen in other mammals. 
Keratinization does not characterize the meta- 
plastic epithelium, and the changed epithelium is 
not stratified squamous but stratified columnar or - 
transitionoid. Nodular keratinized lesions^ occur 
spontaneously in the prostates and vesicular 
glands of our Dutch rabbits, indicating that these 
accessories are capable at some time of producing a 
stratified squamous epithelium and keratin. How- 
ever, after estrogenization (in either castrate or 
intact animals) the metaplasia is adenomatous, re- 
sembling the seminal vesicle epithelial changes ob- 
served in the rat by Korenchevsky (27) after treat- 
ment with estradiol dipropionate plus androster- 
one or dehydroandrosterone. 

Cornification was observed in the hjqiertrophic 
epididymis accompanying metaplastic changes of 
the epithelium. ^Vliile it is possible that this repre- 
sents a spontaneous pathologic change, such as is 
seen in the normal prostate and vesicular gland, 
such changes have not been observed previously in 
any incidental studies of the epididymides of nor- 
mal rabbits. In any case, this occurrence of cornili- 
cation in areas far removed from the urogenital 
sinus epithelium (as in the keratinization of epi- 
didymidal Mullerian duct vestiges in the mouse 
f6]) does not conform with Zuckerman’s (39) con- 
cept of the possible participation of urogenital 
sinus epithelium in all genital squamous meta- 
plasia. 

The reasons for the zoological specificity of the 
reactions to estrogen in different animals are not 
known. Fibromyoepitheliomas characteristic of the 
estrogenized guinea-pig prostate (33) were not seen 
in the rabbit. The squamous metaplasia character- 
istic of estrogenized accessories in the mouse, rat, 
opossum, etc. (4, 26, 9), was also not seen in the 
rabbit. In addition to the possibility of tissue 
specificity, the adrenal in the rabbit (and the 
atrophic testis in intact estrogenized animals) may 
produce a testoid which modifies the tissue re- 
sponse to e.vogenous estrogen to prevent squamous 
metaplasia and keratinization. It is also possible 
that the liver may metabolize the estrogen in a 
manner different in the rabbit from that in other 
mammals. 

The epididymis-vas deferens system in the rab- 
bit is worthy of special attention because of the 
several instances of tumorigenesis observed there- 
in (two fibromas, three invading epithelial pro- 
liferations). It is possible that the tendency to 
uterine-like invasive proliferations may be ascrib- 

1 These spontaneous lesions, morphologically resembling 
those of avitarainosis-A in other animals, are being investigated 
further. 


able to the presence of Mullerian duct rests or 
vestiges in the epididymis and vas of the rabbit. 
The multiplicity of canals in the estrogenized vas 
(Fig. 2) might indicate this. Burrows (6) pointed 
out the ease with which such vestigial structures 
become cystic and keratinized after estrogeniza- 
tion in male mice. Two cases of adenofibromyoma 
of the epididymis, with hormones possibly playing 
an etiologic role, were recently described in man 
by Falconer (17). The epididymidal enlargement 
described by De Jongh ct al. (15) in the dog, how- 
ever, was due to nontumorous fibromuscular hy- 
pertrophy. 

As pointed out above, no abdominal fibroids 
were observed; however, the fibromatous growths 
seen in the vas deferens-epididymis system in two 
of the animals of this series indicate a possible spe- 
cific reaction to estrogens on the part of certain 
genital tissues in the male rabbit. These growths 
were grossly apparent and were studied in sample 
sections through the caudal epididymis and vas 
deferens; serial sections might have revealed other 
signs of possible neoplasia. 


SUMMARY AND CONCLUSIONS 
A series of male Dutch rabbits, intact and cas- 
trate, was subjected to continuous treatment with 
estradiol and estradiol dipropionate for periods of 
159 to 633 days. 

Dramatic change occurred in the sex acces- 
sories and in the duct system. The seminal vesicles 
were tremendously enlarged, and the epithelium of 
the prostate, vesicular gland, and seminal vesicle 
underwent metaplasia to a nonsquamous, tran- 
sitionoid type, adenomatous in appearance. 

No abdominal fibroids or prostatic fibromyoepi- 
theliomas, as reported in the guinea pig, were 
found; but tumorous changes (fibromas and in- 
vasive epithelial proliferations) hitherto unde- 
scribed in male mammals after estrogenization 
were noted in the vasa deferentia and in the epi- 
didymides of certain rabbits. In addition, striking 
hypertrophy of the rectum was seen in two rabbits. 
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Histological Appearance of Mouse Sarcoma 180 
Infected by Vaccinia Virus* 
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INTRODUCTION 

Levaditl and Schoen, in 1936,' demonstrated 
Guanieri bodies in the tumor cells of the Shope 
papilloma infected by vaccinia virus and noted in- 
filtration of the tumor by polymorphonuclear 
leukocytes (6). Levaditi and Haber found that the 
introduction of fowl pest virus into mice epithelio- 
mata resulted in massive necrosis of the tumor 
cells (5). However, the virus was lethal to the host, 
and similar necrosis occurred in liver cells. 

No characteristic changes were found by Find- 
lay and MacCallum in mouse careinomas infected 
by the yellow fever virus (2). Andrews observed 
typical Virus HI intranuclear inclusions in the 
cells of a rabbit fibroma (1) . Tumors carrying Virus 
III regressed more rapidly than did the control 
fibromas. Intranuclear inclusions were found in 
areas of tumor necrosis but were also widespread 
in tumor cells which revealed no other alteration or 
necrosis. 

In a previous communication from this labora- 
tory, Turner and Mulliken reported that trans- 
plants of monse sarcoma 180 infected with vac- 
cinia virus harbored the virus in high titre for ex- 
traordinarily long periods of time, in contrast to 
normal tissues of the host, and that the infected 
tumors grew more slowly and less successfully than 
they otherwise would have (7). The explanation 
offered was that the virus acts directly on the neo- 
plastic cells. The report which follows is concerned 
with the histological study of some of these tu- 
mors to determine whether there was anatomical 
evidence of the presence of the virus in the tumor 
cell or of an effect of the virus on the tumor cells or 
on its environment. 

EXPERIMENTAL 

Grafts of mouse sarcoma 180 infected G days 
pre^'iously with vaccinia virus were made subcu- 
taneouslj' in mice. The animals were killed at in- 
tervals of 4 to 36 days thereafter. The details of 

* These investigations have been aided by a grant from tlie 
Jane CofBn Childs ISIemorial Fund for iVledical Research. 


the experiments are recorded in an earlier com- 
munication (7). A histological studj’’ was made of 
34 infected and of 37 noninfected tumors. 

RESULTS 

All but 2 of the infected tumors were shown by 
intradermal tests in rabbits to contain vaccinia. 
No specific histologic evidence of tumor parasitiza- 
tion by the vaccinia virus was obtained. Guanieri 
and elementary bodies were not demonstrable in 
Giemsa preparations, either in the tumor cells or 
in the supporting tissue or capillary endothelium. 

Since growth was impaired in infected tumors, 
it was of importance to determine whether the ef- 
fect might be due to an inflammatory reaction 
within or around the tumor, such as that seen in 
the skin and subcutaneous tissues of the mouse or 
rabbit after intradermal injection of virus. No ap- 
preciable inflammation attributable to the pres- 
ence of virus could be found in the tumors. Capil- 
lary engorgement, varying edema, and diffuse in- 
filtration of the tumor by polymorphonuclears was 
observed during the first 10 days after transplanta- 
tion in most of the tumors, of both the infected and 
the noninfected groups. Necrosis of inflammatorj’- 
and capillary endothelial cells as seen in the vac- 
cinial reaction in the mouse tail was not present in 
the infected tumors. After the end of the second 
week following transplantation, the tumors of both 
groups were free of inflammatory reaction, except 
in the areas of necrosis which occur regularly in 
the course of development of sarcoma 180. Thus 
tumors known to harbor the virus in high titre in 
the second and third weeks showed no inflamma- 
tory reaction to the virus. 

Mitotic figure counts were done to determine 
whether the impairment of growth in the infected 
tumors might be associated with a change in cell 
division. The total number of mitotic figures in 
ten random (X 1.500) microscopic fields in each in- 
fected tumor was compared with a similar count 
for each noninfected tumor. During the first 10 
days after transplantation the mitotic figures were 
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significant! j"- fewer in infected, as compared with 
the control, tumors (Table l)d After the tenth day 
there was no difference in the number of mitotic 
figures in the two groups. 

No alteration of tumor-cell structure was pres- 
ent in infected tumor which could not be seen to 
some degree in the noninfected tumors as well. 
However, it is of interest that the occurrence of 
multinucleated tumor cells and of variation in the 
size and shape of the nuclei, as well as in the con- 
densation of nuclear chromation, and in the shape 
of the cells was more common in the infected tu- 
mors. This was particularly true during the first 
2 weeks after transplant. The difference was less 
striking later. 

Histochemical examination of the tumors for 
alkaline phosphatase and for acid phosphatase by 
the methods of Gomori (3, 4) revealed no differ- 


controls. This, together with the fact that the virus 
has no lytic effect on the tumor cells, suggests that 
the inhibitorj' effect of parasitization may be on 
some metabolic process leading up to cell division. 

The more frequent occurrence of anaplastic 
cells in the infected tumors is paradoxical, since 
lack of differentiation is usually characteristic of 
rapid growth. At the present time no explanation 
is offered. 

SUMUMRY 

Transplants in mice of mouse sarcoma 180, 
parasitized by vaccinia virus and found to growless 
well than control transplants, revealed no Guani- 
eri or elementary bodies in the tumor cells or sur- 
rounding stroma. In infected tumors there was no 
inflammatory reaction which might be attributed 
to the presence of the virus. 


TABLE 1 


Total Nusiber of JIiTOTrc Figures in Ten Rando.m Microscopic (XLSOO) Fields of 
• Infected and Control S,vrcoma iso 


Control 

Infected 


Dav 4 TO 0* 


D.»v 7 TO 8 



Dav 9 TO 10 


TuiBors 


Tumors 



Tumors 



examined Range 

Mean 

examined 

Range 

Mean 

examined 

Range 

Mean 

6 4-18 

9.5 

8 

9-17 

13.0 

6 

10-10 

13.3 

■ 8 1-6 

3.8 

S 

4-12 

8.8 

9 

r-i7 

10.5 


• After transplant. 


ence in the amounts of these enzymes in the nu- 
clear chromation or mitotic figures of infected and 
control tumors. 

DISCUSSION 

The absence of inclusidn and elementary bodies 
from the tumor cells does not exclude the hypothe- 
sis that the virus has an affinity for them. The cells 
of a sarcoma, such as 180, are presumably derived 
from mesenchyme. They might therefore differ 
from epidermal cells in their structural reaction to 
virus, e.g., formation of Guanieri bodies. Against 
the idea that the virus simply remains only in the 
supporting stroma of the tumor is the fact that it 
disappears rapidly from normal subcutaneous tis- 
sues of the mouse, whereas it persists in the tumors 
for as long as 31 days after transplant. Moreover, 
no inclusion or elementary bodies were found in 
connective tissue or endothelial cells. 

The presence of fewer mitotic figures in infected 
tumors is in keeping with the observation that 
such tumors grow less well than the noninfected 

‘ The authors are indebted to Miss Evelin El vcb.ack, of the 
Department of Biostatistics, School of Public Health, for an- 
alysis of the data. By the chi-square method the difference 
between the number of mitotic figures in the two groups is 
found to be significant at the 1 per cent level 


The differences observed between infected and 
noninfected tumors were quantitative rather than 
qualitative. Mitotic figures in infected tumors were 
fewer than in control tumors during the first 10 
days after transplant. Variations in differentiation 
occurred in control and infected tumors but were 
more common in the latter. 
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Primary Liver-Cell Carcinoma (Hepatoma) in the Dog* 
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Although nodular hyperplasia of Ih'er cells is 
fairly common in the dog (3, G, 8, 12, 14), true 
neoplasia of liver cells is relativelj'- unusual. In this 
laboratory, nodular hyperplasia of liver cells (12) 
was observed in 10 out of Cl autopsied dogs 
(Fig. 1). Of the 45 cases of epithelial cancer of the 
liver found in the literature (1-7, 9-11, 13, 15-17), 
35 were typed as carcinoma, presumably of liver- 
cell origin; 8 were classified as adenocarcinoma, 
evidently of bile duct origin; and 2 were not 
studied histologically. In 10 cases a definite state- 
ment concerning metastases was made. Of the 5 
carcinomas, 2 produced metastases and 3 remained 
within the liver. Of the 5 adenocarcinomas, 4 
metastasized and 1 did not. In 11 cases, the se.x 
was female in 7 and male in 4. In 7 dogs the age 
ranged from 8 to 15 years. Breed was as follows 
in 10 cases: fox terrier, 2; pinscher, 2; and 
dachshund, Yorkshire terrier, French bulldog, 
“sheep hound,” Airedale terrier, and German 
shepherd, 1 each. 

BEPORT OF FOUR CASES OF 
HEPATOMA IN THE DOG 

Case 1 (47R-37S ). — ^A female chow, 10 years 
old, a patient of Drs. J. R. Naylor and L. C. 
Smith, showed a neoplasm of 1,335 gm., 18 X 
14 X 14 cm., on the inferior surface of the liver, 
arising mainly from the caudate lobe but also from 
the posterior part of the quadrate lobe. Cut sec- 
tion revealed a gray-brown fluid and friable red- 
tan tissue in an eccentric cavity, 10.5 cm. in great- 
est diameter, within the tumor, which consisted of 
nodules 2 to 55 mm. in diameter, soft to firm, 
light-brown, and sometimes red mottled (Fig. 2). 
The anatomic diagnoses were: carcinoma (hepa- 
toma) of the liver, flbroadenocystic disease of the 
right fifth mammaiy gland, follicle cysts of the 
ovaries, cystic glandular h 3 'peiplasia of the en- 
dometrium, nodular cortical hjqjerplasia of the 
adrenal glands, thrombosis of an esophageal vein, 
and extra-medullar^' mj'elopoiesis of the spleen. 

Case 2 H7R-629).—A spayed female ‘‘toy 
shepherd,” 12 years old. a patient of Drs. L. R. 

* This investigation was aided by a grant from the National 
Cancer Institute of the United States Public Health Service. 


Phillips and B. S. Burldiardt, had a 585-gm. 
tumor arising from the inferior and anterior sur- 
faces of the quadrate lobe of the liver, entirely re- 
sected at operation; but the dog was destroyed at 
the request of the owner. The tumor was fairly 
firm, bulged on section, and consisted of large 
lobules of light-brown to tan, sometimes dark-red 
or tan and dark-red nodules, 4 to 40 mm. in di- 
ameter, separated by tough interlacing gray tissue 
bands (Pig. 3). The anatomic diagnoses were: 
carcinoma (hepatoma) of the liver, cortical ade- 
noma of the left adrenal gland, nodular cortical 
hyperplasia of the right adrenal gland, ' mucous 
cysts of the gall bladder, and hemosiderosis of the 
spleen. 

Case 3 {4SR-107 ). — ^A male German shepherd, 
14 years old, a patient of Drs. H. G. Weigand and 
W. J. Shaj', had a hepatoma, which, with the 
liver, weighed 1,720 gm. (Fig. 4), the liver being 
one-tenth the total. The tumor was 173 X 132 X 
125 mm. and arose from the inferior surface of 
nearly the entire liver, especiall}' from the quad- 
rate and caudate lobes. The cut section was fairlj’ 
firm, coarselj' lobulated,. red-tan, and locally red 
mottled. The individual lobules were finefy nodu- 
lar. The anatomic diagnoses were: carcinoma 
(hepatoma) of the liver and nodular lymphoid 
hyperplasia of the spleen. 

Case 4 {48R-196 ). — ^A male fox terrier, 15 j'ears 
old, a patient of Dr. F. T. Candlin, showed a liver 
weighing 708 gm., coarsely lobulated and deeplj' 
fissured by dense gray tissue bands (Fig. 5). On 
cut section the lobules consisted of nodules 3 to 
32 mm. in diameter; firm to spongjq tan, green, 
brown, pink-gray, or white. The anatomic diag- 
noses were: carcinoma (hepatoma) of the liver, 
cirrhosis of the liver, carcinoma of the perianal 
glands, nodular cortical hj^perplasia of the adrenal 
glands, and jaundice. 

MICROSCOPIC OBSERVATIONS 

Cirrhosis— The hepatic (central) veins were 
easily identified. The periportal areas showed both 
relative and absolute increase of fibrous connective 
tissue, bile ducts, venules, and arterioles. Com- 
plete obliteration of any semblance of portal triads 


76 




I'lO. 1 



Fio. 2 



Fig. 1 (48R-fl09). — Nodular liyperplasla of liver, inferior 
surfaee. Left edge at top, anterior edge at left. Large sharp 
defcet in left posterior lobe in area cut for tissue sections. 
X9/20. 

Fig. 2 (47R-378). — Case 1. Hepatoma. Cut section with 


eccentric, cystic cavity at top. Surface with stretched, opened 
common bile duct over right edge at bollom. X9/20. 

Fig. 3 (47R-P29). — Case 2. Hepatoma. Cut section of two 
levels to show large lobules divided into smaller nodules. X;. 

Fig. 4 (48R-107). — Case 3. Hepatoma. Anterior view. Liver 
at top. X2 '3. 
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Fio. 7 

Fig. 5 (48R-190). — Case 4. Hepatoma and cirrhosis. Cut 
section of one level in top two pieces and at another level in 
bottom piece. Xl/2. 

Fig. 6 (48B-196). — Case 4. Cirrhosis of liver. Central vein 
of distorted lobule in upper left-hand comer. Proliferated bile 
ducts in fibrous connective tissue to right and at bottom. X150. 




Fig. 7 (47R-oC5). — Xodular hj’perplasia of liver. Edge of 
single nodule in right three-quarters, with retained portal 
triad in upper right-hand corner and fat vacuoles in several 
hj^perplastic liver cells. Compressed liver cords and sinusoids 
in left one-quarter. XISO. 

Fig. 8. — Higher power of Fig. 7, with portal triad in upper 
right corner. XCOO. 
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was produced by the merging of adjacent periportal 
areas (Fig. 6, . The distorted single lobules were 
reduced in size to about half that of the lobules of 
a normal liver. The polyhedral or rounded liver 
cells were arranged in single or double rows, but 
irregularly as compared to those in a normal liver. 
The cell borders were separated from each other 
and usually clearly defined or were less commonly 
hazy and closely approximated. The cytoplasm 
was finely granular and acidophilic. The often ec- 
centric nuclei were usually single, but 3 or 4 bi- 
nucleated forms could be seen in a X440 field. The 
sinusoids were warped and uneven in conformitj’’ 
to the disarrangement of the cords of liver cells; 
the Kupffer cells and bile canaliculi were stuflied 
with bile pigment. The nuclei of the liver cells were 
round, and nuclear membrane was hea^’y. The 
chromatin was finely beaded but unevenlj’^ dis- 


plasm of the cells was granular, acidophilic, or 
polychroniatophilic and sometimes coarsely vacu- 
olated by fat or finely foamy with glycogen. The 
nuclei were often single, but a X440 field con- 
tained 4 or 5 binucleated cells. The nuclei were 
round, and the nuclear membrane was hea\y. The 
chromatin was finely beaded and irregular. Nucle- 
oli were conspicuous, acidophilic, usually single, 
sometimes double, and often encircled by con- 
densed chromatin. The nuclei within the nodules 
were 7.5 to 9.1 n in diameter; those in the sur- 
rounding liver cells W'ere 6.7 to 7.4 /i in diameter. 

Hepatoma . — ^The lobules of neoplastic cells di- 
rectly compressed the adjacent liver tissue (Fig. 9) 
with flattening of liver-cell cords, sinusoids, and 
portal triads and with distortion of lobules; or the 
lobules of neoplastic cells were separated by bands 
of vascularized connective tissue from each other 


TABLE 1 


Tex Cases of Nodulau Hiterplasia of Liver Cells ix the Dog 



Accession 





Number 

number 

Age 

Sex 

Breed 

Nfodules in liver 

1 

47R-5B5 

16 

M 

Mongrel German shepherd 8, tan or red-tan, 5-18 mm. 

2 

47R-C84 

14 

P 

Collie 

24, light tan to dark red, 






5-25 mm. 

3 

47R-703 

13 

M 

German shepherd 

3, red, 15-02 mm. 

4 

48R-74 

12 

M-c 

Collie 

9, tan to dark red, 8-20 mm. 

5 

48R-95 

12 

M 

Boston terrier 

1, light tan, 20 mm. 

0 

48R-109 

12 

F-s 

Pekingese 

6, tan, averaging 6 mm. 

7 

48R-nO 

12 

F-s 

Mongrel Germ, an shepherd Multiple, 1-24 mm. 

8 

48R-183 

7 

F 

Fox terrier 

1, light tan, 20 mm. 

9 

48R-223 

14 

M 

Collie 

4, fairly firm, 9-22 mm. 

10 

48R-40C 

11 

M 

Bull terrier 

1, tan, 10 mm. 


tributed. The acidophilic nucleoli were usually dis- 
crete, sometimes enlarged and more prominent 
than normal, and occasionally numbered two to a 
nucleus. The chromatin net tended to be clumped 
around the nucleoli. The nuclei measured 6.7 to 
7.8 p in diameter, as compared with normal, 
6.2 to 7.1 ti. 

Nodular hyperplasia of liver cells . — A summarj' 
of 10 cases of nodular hyperplasia of liver cells 
studied in this laboratory is given in Table 1. Each 
nodule, whether single or multiple, large or small, 
consisted of irregular liver lobules with retention 
of the arrangement of central veins and portal 
triad in each lobule. The liver cells at the margins 
of the nodules showed compressive flattening, 
sinusoidal collapse, and distortive di.splacement of 
portal triads (Fig. 7). No increase in fibrous con- 
nective tissue was seen in the nodules of hj^per- 
plastic liver cells or in the adjacent liver tissue. 
Within the hj^perplastic nodules the polyhedral 
liver cells had indefinite borders and were ar- 
ranged in interlocking cords, which varied from a 
single to many cells thick to large solid masses 
without intervening sinusoids (Fig. 8). The cyto- 


and from the surrounding liver parenchyma. In 
the latter instance, adjacent liver cells were severe- 
Ij"^ atrophic or absent, and bile ducts, venules, and 
arterioles were entrapped in heaxy fibrous connec- 
tive tissue. The lobules of hepatoma consisted only 
of neoplastic cells and proliferated vascular spaces 
resembling sinusoids (Figs. 10, 11, and 12), Portal 
triads were entirely lacking within the lobules of 
the hepatoma. The huge neoplastic cells were ar- 
ranged in solid masses, their borders were usually 
discrete, their shape was polyhedral or round, and 
their cytoplasm was granular or slightly to mod- 
erately vacuolated or both. The round or oval 
nuclei varied greatlj' in size and were usually 
single, but as many as 5 or 6 binucleated forms 
were noted in a X440 field. The nuclear membrane 
was heavy, and the chromatin was finely beaded 
or coarsely stippled and irregular. The acidophilic 
nucleoli were often single, sometimes numbered 2 
or 3 to a nucleus, were frequently large and sur- 
rounded by condensed chromatin, and displayed 
scattered mitotic figures. In case 1, the nuclei of 
the neoplastic cells ranged from 7.5 to 10,7 p in 
diameter, whereas the nuclei of the liver cells next 








Fig. 12 


Fig. 9 (47R-629). — Case 2. Hepatoma in lower three- 
quarters and' compressed liver cords and sinusoids in upper 
one-quarter. X150. 


Fig. 10. — Higher power of Fig. 9, showing area in middle 
of hepatoma. X600.. 

Figs. 11 and 12 (4711-378). — Case 1. Hepatoma. XloO and 
XCOO. 
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to the neoplasm were C.5 to 8.5 p in diameter. In 
case 2 the nuclei of the neoplastic cells were C.2 to 
8.5 n in diameter. 

SUMMARY 

1. A review of the literature revealed 35 cases 
in the dog of carcinoma, presumably of liver-cell 
origin: 8 of adenocarcinoma, evidently of intra- 
hepatic bile duct origin; and 2 hepatic cancers not 
studied histologically. Data on age, sex, and breed 
were too incomplete to be conclusive. 

2. In a group of 4 cases of hepatoma in the dog, 
inappetence, vomiting, weight loss, emaciation, 
and an upper abdominal tumor were symptoms 
noted 1 to 6 months before euthanasia. Resection 
of one hepatoma was successful and probablj’’ 
would have resulted in complete cure if the dog 
had been allowed to live. Resection might have 
been curative in 2 of the other 3 dogs with hepa- 
toma if operation had been made earlier. 

3. Three of the hepatomas arose from the in- 
ferior surface of the liver near the mid-line, dis- 
placed adjacent organs and tissues weighed 585 
to 1,550 gm., were separated from the liver by 
fibrous connective tissue or directly impinged on 
compressed liver parenchyma, and consisted of 
large, soft to firm, tan, light-brown, tan-red, or 
dark-red lobules divided into nodules 2 to 55 mm. 
in diameter. The fourth hepatoma was associated 
with advanced cirrhosis of the liver and with 
atypical proliferation of bile ducts and sinusoids. 
The dog affected had had severe icterus during life. 
Microscopically, the lobules of hepatoma consisted 
of very large neoplastic liver cells in solid masses 
intimately related to proliferated vascular spaces 
resembling sinusoids. Portal triads w'ere entirely 
lacking within the lobules of the hepatoma. The 
neoplastic cells had granular or vacuolated acido- 
philic cytoplasm and round or oval nuclei varying 
greatly in size, fairly frequently numbering two to 
a cell, displaying occasional mitosis, and supplied 
with beaded irregular chromatin and large acido- 
philic nucleoli. No case showed metastasis. 

4. Ten cases of nodular hyperplasia of liver ceils 
were compared with -the 4 cases of hepatoma. The 
nodules were usually multiple, fairly firm, tan, 
red, red-tan, or dark red, and were 5 to 25 mm. in 
diameter, or varied extremely from 1 to 60 mm. 
Microscopically, the liver tissue around the single 
nodules was compressed, but fibrous connective 
tissue was not increased. The nodules consisted of 
irregular liver lobules with retention of central 


veins and portal triads in each lobule. The poly- 
hedral cells within the nodules were arranged in 
cords one to many cell layers thick, with distortion 
of the intervening sinusoids. The cells of the 
nodules were smaller in both cytoplasmic and nu- 
clear volume and exhibited less histologic evidence 
of nuclear activity than did the neoplastic cells of 
the hepatomas. 

5. Both hepatoma and nodular hyperplasia of 
liver ceils occurred in dogs in advanced senility or 
11 to 16 years of age. Sex preponderance was not 
striking in either condition, and data on breed 
were inconclusive. 
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The Effects of Casein and Methionine on the Retention of 
Hepatic Riboflavin and on the Development of Liver 
Tumors in Rats Fed Certain Azo Dyes* 

A. C. Griffin,! Ph.D., C. C. Clayton,! M.S., and C. A. Baumann, Ph.D. 

(From the Departments of Biochemistry and Cancer Bescarch, Unircrsily of Wisconsin, Madison, Wisconsin) 


That the development of hepatic tumors in rats 
fed azo dyes can be varied b 3 r diet is a well-estab- 
lished fact; but, in spite of extensive studies on in- 
dividual nutrients, the relation of dietary protein 
to the process is not particularly clear. The crude 
materials that have been found to be effective in 
retarding the development of these tumors are 
usuallj’ high in protein, e.g., liver (18, 21), certain 
concentrates from liver (8, 18, 27), yeast (18, 21), 
spleen (3), milk (9), egg white (7, 12, 25), stock 
diet (18), and others; but these materials also con- 
tain other nutrients, such as riboflavin, that might 
be active in retarding tumor development. 

The importance of riboflavin in preventing 
hepatic tumors due to p-dimethylaminoazoben- 
zene (DAB) has been shown in experiments with 
synthetic diets containing 12 or 18 per cent of 
casein. Such tumors developed rapidly when the 
diet contained 2 /Jgm. of riboflavin per gram but 
developed very slowly when 20 Mgm- of riboflavin 
were present per gram of diet (20). The ingestion 
of DAB results in a decrease in the concentration 
of riboflavin in the liver (10), and the extent of the 
decrease has been found to be proportional to the 
carcinogenicity of the azo dye fed (4). Furtlier- 
more, when a given azo dye was incorporated into 
diets known to accelerate or retard tumor forma- 
tion, the amount of riboflavin retained by the liver 
tended to be greatest on the protective diets and 
least on those on which tumor formation' is rapid 
(5). It would therefore appear that the formation 
of hepatic tumors is in some waj’’ associated with 
subnormal concentrations of riboflavin in the liver 
and that diets that promote riboflavin retention 
should increase the resistance of the animal to the 

* Published wilb the approval of the director of the Wis- 
consin Agricultural Experiment Station. Supported in part by 
the Jonathan Bowman Cancer Fund and by a grant from the 
Committee on Growth, American Cancer Society. 

t Present address; Department of Chemistry, Stanford 
University, Stanford, California. 

t United States Public Health Service Predoctorate Re- 
search Fellow. 


process. Sarett and Perlzweig (23) and others have 
shown that the riboflavin content of the Ii\-ers of 
rats fed equivalent amounts of the vitamin tends 
to varjr w’ith the level of protein intake, and this 
effect of protein has also been observed in animals 
ingesting DAB (4). The addition of methionine to 
diets low in protein has also been reported to in- 
crease the storage of hepatic riboflavin (22, 31). 
This suggests that diets high in protein or methio- 
nine might modify the development of liver tu- 
mors by promoting a better retention and storage 
of riboflavin in the liver. 

Kensler et al. found that riboflavin by itself was 
ineffective in preventing liver tumors in rats on a 
rice-carrot diet unless supplements of casein were 
fed (11). On a similar diet Nakahara et al. likewise 
failed to observe anj' protective effect due to ribo- 
flavin (21), presumably because their basal diet 
was inadequate for riboflavin retention. To the ex- 
tent that casein contributes to riboflavin retention, 
it might be expected to retard tumor development. 
Nevertheless, experiments in this laboratory indi- 
cate that the incidence of tumors was essentially 
the same on diets containing 18 per cent (20) or 
48 per cent (16) of casein, as on 12 per cent, al- 
though the latter experiment was not uncompli- 
cated, since such high levels of protein can alter the 
need of the animal for vitamin Be (14). 

In the present investigation rats were fed vari- 
ous azo djms in diets containing 6, 9, 12, 24, or 36 
per cent of casein or 12 per cent of casein supple- 
mented with enough methionine to equal that in a 
diet containing 24 or 36 per cent of casein, and the 
rates of tumor formation were determined. In 
parallel short-time experiments rats were fed azo 
d}’'es and various levels of protein, and the storage 
of riboflavin in the livers was determined. 

METHODS 

For the production of tumors, essentialh' the 
same procedures were followed as those used in 
previous studies from this laborator.v (18, 20); the 
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azo dyes were incorporated in the diets and fed to 
young adult rats for various periods of time, fol- 
lowed by an 8-week period on the same diet with- 
out the dye. In the initial experiments the diets fed 
contained 12, 24, or 36 per cent of casein, 4 per 
cent of Wesson salts, 5 per cent of corn oil, and 
glucose (cerelose) to 100 per cent. The following 
levels of B vitamins were incorporated into a kilo- 
gram of diet: thiamine, 3.0 mg.; pyridoxine, 2.5 
mg.; calcium pantothenate, 7.0 mg.; choline, 30.0 
mg.; and riboflavin, 1.0, 2,0, or 20.0 mg. For cer- 
tain groups 3.6 or 7.2 gm. of DL-methionine were 


gen was a relatively mild one, fed in a high con- 
centration, viz., 0.096 per cent of o'methyl-p-di- 
metliylaminoazobenzene (o'Me.DAB) (Table 1, 
groups 7-9). In a corresponding series, 0.06 per 
cent of DAB was fed for 19 weeks (Table 1, groups 
10-12); and the latter dye was also fed for 20 
weeks in diets containing 12 per cent of casein, 12 
per cent of casein plus 0.72 per cent of methionine, 
24 per cent of casein, and 36 per cent of casein 
(Table 1, groups 13-16). 

In an effort to determine the effects of low levels 
of protein. 0.06 per cent of DAB was fed in diets 


T.\BLE I 

The Effect of Protein or Methionine on the Deiflop.ment of Lffer Tumors 
IN R.\TS Fed CERT.4IN .Azo Dyes 







-Yverage 









Time 


weigljt 

.Yverage 








dye 

.\verage 

at end 

food 

Sur\’ival 

Final 

Nega- 





was 

initial 

of dye- 

intake 

at end 

number 

tive 

Per 




fed 

weight 

feeding 

(gm/rat/ 

of dye- 

of 

sur- 

cent 

Groups 

^ Carcinogent 

Diet 

(wk.) 

(gm.) 

(gm.) 

day) 

feeding 

tumors 

vivors 

tumors 

I 

0.04% m'Me.DAB 

12% casein 

18 

166 

199 

11.8 

14/14 

14 

0 

100 

o 

0.04% m'Me.DAB 

24% casein 

18 

165 

225 

10.6 

13/14 

6 

7 

47 

3 

0.04% m'JIe.DAB 

24% casein— 20 mg. ribofla- 











vin/kg 

18 

168 

226 

11.1 

14/14 

1 

13 

7 

4 

0.04% m'Me.DAB 

12% casein 

14 

179 

182 

10.0 

15/15 

13 

2 

87 

5 

0.04% m'AIe.DAB 

12% casein-f-3.6 gm. methi- 











onine/kg 

14 

173 

203 

10.3 

15/15 

10 

5 

67 

G 

0,04% m'Me.DAB 

24% casein 

14 

172 

210 

10.3 

15/15 

10 

5 

67 

7 

0.096% o'AIe.DAB 

12% casein 

19 

178 

184 

8.9 

14/15 

11 

3 

79 

8 

0.096% o'Me.DAB 

12% casein-h3.6 gm. methi- 











onine/kg 

19 

179 

234 

10.7 

13/15 

4 

9 

31 

0 

0,096% o'Me.DAB 

24% casein 

19 

174 

224 

11.0 

14/15 

7 

7 

50 

10 

0.06% DAB 

12% casein 

19 

180 

192 

10.1 

15/15 

3 

11 

20 

11 

0.00% D.AB 

12% casein-1-3.6 gm. methi- 











onine/kg 

19 

182 

221 

10.5 

15/15 

3 

12 

20 

12 

0.06% DAB 

24% casein 

19 

180 

230 

11.0 

15/15 

4 

10 

26 

13 

0.06% DAB 

12% casein 

20 

207 

254 

13.9 

12/15 

4 

7 

33 

14 

0.06% DAB 

12% casein-1-7.2 gm. methi- 











onine/kg 

20 

201 

257 

14.1 

14/15 

2 

11 

14 

15 

0.06% D.AB 

24% casein 

20 

203 

285 

15.6 

12/15 

2 

10 

17 

IG 

0.06% DAB 

36% casein 

20 

208 

307 

17.7 

14/15 

7 

7 

50 


• Groups and 4-12 received 2 rag. of riboflavin per kilopratn of diet; groups 15-16 received 1 mg. of riboflavin per kilogram. 
^ — : 1 - 
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added per kilogram of the 12 per cent casein diet, 
in order to double or triple its methionine content 
(casein contains 3.1 per cent of methionine [24]). 
Each rat received 2 drops of halibut-liver oil by 
dropper ever}' 4 weeks. 

In the first series (Table 1, groups 1-3) 0.04 
per cent of m'methyl-p-dimethylaminoazobenzene 
(wi'Me.DAB) was fed for 18 weeks to young adult 
rats in a 12 per cent casein diet, in a 24 per cent 
casein diet, and in one containing 24 per cent of 
casein plus a high level of riboflavin (20 mg/kg). In 
a second series (groups 4-6) the dye was fed for 
14 weeks in diets containing 12 per cent of casein, 
12 per cent of casein plus 3.6 mg. of methionine 
per gram, or 24 per cent of casein. In a third series 
these diets were fed for 19 weeks, but the carcino- 


containing 6, 9, or 12 per cent of protein and 2 or 
20 mg. of riboflavin per kilogram of diet. After 3 
months, however, the mortality on the lower levels 
of protein was great, and the condition of the sur- 
vivors so poor (see also 18) that the percentage of 
protein in all diets was raised to 12 per cent. At the 
same time, the concentration of riboflavin in the 
low riboflavin diets was lowered to 1 mg/kg of diet 
in an effort to keep the diet as carcinogenic as pos- 
sible. The latter diet was fed for 5 weeks, after 
which the diets minus the dye were fed for two ad- 
ditional months, when the survivors were killed 
for a final tumor count. 

In the experiments on riboflavin retention, adult 
rats were fed various azo dyes in diets containing 
12 or 24 per cent of casein or 12 per cent of casein 
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plus 4 gm. of methionine per kilogram. The concen- 
trations of the dyes fed were 0.06 per cent DAB, 
0.04 or 0.064 per cent m'Me.DAB, and 0.096 per 
cent o'Me.DAB. At the end of 3 or 6 iveeks the 
animals were killed and the livers analyzed for 
riboflavin by the fluorometric method used in our 
previous studies (4, 5). The method is essentially 
that of Conner and Straub (2) as modified by 
Andrews (1). 

RESULTS 

Dieiarij protein and tmnor development . — ^The in- 
gestion of extra protein or of methionine invari- 
ably improved the growth and general phj'sical 
condition of the rats fed azo dyes and also tended 
to decrease the severity of the cirrhosis that de- 
veloped. The effects of the supplements on tumor 
formation, however, were less definite. In some 


and the high protein diets, respectir-ely (groups 7 
and 9, Table 1), while in the group receiving tlie 
low protein diet plus methionine, the incidence of 
tumors was only 31 per cent. On the otlier hand, 
rats fed 0.06 per cent of DAB developed approxi- 
mateb’' the same number of tumors, no matter 
which level of protein was fed. In all groups the in- 
cidence was low, 14 to 50 per cent (groups 10-16, 
Table 1). A possible protective effect of protein 
was suggested by group 15, which received 24 per 
cent of casein and in which the incidence of tumors 
was 17 per cent, as compared to 33 per cent for a 
group on a lower level of casein. However, when 
36 per cent of protein was fed, the incidence of 
tumors was highest of all, 50 per cent (Table I, 
group 16). 

When 0.06 per cent of DAB was fed in diets con- 
taining only low levels of protein for 3 months, fol- 


TABLE 2 


Effect of Low Levels of Peotei.v on Prodvctiok of Hepatic Tumors in Rats Fed 
o.OG Per Cent of p-DiMETmxAMiNOAzoBEi\ZE.\E for 17 Weeks 


Average 

initia) 

iveighl 

Group Diet* (gm.) 

17 6-12% casein 2-1 mg. riboflavin/kg 209 

18 6-12% casein 20 mg. riboflavin/kg 227 

19 9-12% casein 2-1 mg. riboflavin/kg 227 

20 9-12% casein 20 mg. riboflavin/kg 221 

21 12% casein 2-1 mg. ribof/avin/kg 201 

22 12% casein 20 mg. riboflavin/kg 210 


Average 
weight 
at end 

Average 

food 

intake 

Survival 

Tumors 

Cir- 

rhosis 

N'ega- 

Per 

of dye- 

on dye 

at end 

at 

at 

tive 

feed tng 

(gm/rat/ 

of dye- 

termina- 

termina- 

sur- 

cent 

(gm.) 

day) 

feedbg 

tion 

tion 

vivors 

tumors 

195 

11.2 

7/14 

2 

0 

5 

2D 

190 

12,4 

9/14 

0 

0 

8 

0 

220 

12.4 

9/14 

0 

3 

0 

0 

218 

13.4 

10/14 

0 

0 

10 

0 

233 

12. G 

13/15 

1 

0 

9 

8 

233 

14.4 

9/15 

0 

1 

8 

0 


and*l mg/kg of diet during tlie rera.iindcr of Uie experiment. 


series the consumption of the high protein diet re- 
sulted in a decreased incidence of hepatic tumors, 
but this effect did not appear under all the various 
experimental conditions imposed. The most pro- 
nounced effect of protein was in a series fed 0.04 
per cent of m'Me.DAB for 18 weeks. At the end of 
the experimental period, 100 per cent of the ani- 
mals fed 12 per cent of casein had developed tu- 
mors, while only 47 per cent of those on 24 per cent 
of casein had developed tumors (Table 1, groups 1 
and 2). However, in a. second series in which this 
level of dye was fed for 14 weeks, the incidence of 
hepatic tumors on the low and high protein diets 
were 87 and 67 per cent, respectively, while the in- 
cidence of tumors in a group fed the lower level 
of casein plus 0.36 per cent methionine also was 
67 per cent (Table 1, groups 4, 5, and 6). Protein 
appeared to retard tumor formation somewhat 
when the carcinogen was 0.096 per cent o'Me.- 
DAB fed for 19 weeks; the percentages of the ani- 
mals developing tumors were 79 and 50 on the low 


lowed by 12 per cent of casein for 5 weeks, the in- 
cidence of tumors was low in all groups (Table 2). 
The highest incidence, 29 per cent, was observed 
in the group receiving the lowest level of protein. 
In line with previous experience (10, 20, 28), the 
chief effects of the low protein diets, however, were 
greater losses in weight and a generally poorer 
physical condition than those observed in the group 
receiving 12 per cent of casein throughout the 
e-xperiment. The addition of riboflavin to the three 
diets did not affect the weights of the rats on any 
of the levels of dietary protein (Table 2), although 
riboflavin appeared to prevent the development of 
tumors at the lowest levels of casein fed. Its enect 
at higher levels could not be ascertained m this 
series, since no tumors developed m the control 
groups on 9 per cent of casein and only 1 der-eloped 
in the groups on 12 per cent of casein. 

Storage of hepatic riboflavin.— In line with previ- 
ous observations (4, 10), the azo dyes lowered both 
the concentration of riboflavin m liver tissue and 
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the total amounts per liver (Table 3, groups 23 and 
24. 26 and 28). Even in the presence of the azo 
dyes, casein and methionine tended to improve the 
retention of riboflavin, although a supplement of 
casein (24 per cent of the diet instead of 12) was 
usually more effective than an amount of methio- 
nine equivalent to that in the supplement. In a 
typical series fed 0.06 per cent of DAB (Table 3, 
groups 29, 30, 31). 17.2 figm. of riboflavin were 
found per gram of liver in the group fed 12 per cent 
of casein, 19.6 in the group supplemented with 
methionine, and 20.8 in the group on 24 per cent of 
casein. Improved retention was also apparent 


when the results were expressed as the total 
amount of riboflavin per liver. A similar effect of 
casein or of methionine was observed in series fed 
0.04 per cent of ra'Me.DAB (Table 3, groups 32- 
34) or 0.096 per cent of o'Me.DAB (Table 3, 
groups 35 and 86). While there were fairly wide 
differences in riboflavin concentration noted be- 
tween individual values in the same group, the 
general tendency of casein to improve riboflavin 
retention was a consistent one among the various 
groups. Quantitatively, the effect of 24 per cent of 
casein on riboflavin retention was at least as great 
in this stud}' as that observed previously when 


TABLE 3 

REL.\TIVn El'I ECT OE METHIONINE AND PROTEIN ON LIVER RlBOFL.WIN IN RATS FED AZO DYES 


Gnowrn Daily 

IXCRE- FOOD 

No. Mi:\T INTAKE LiVEK RIBOFLAVIN 

ASi- Initial (gm/rat/ (gm/rat/ Total 


Groit 

Diet* and dye fed 

M\LS 

WEICIIT 

WK) 

ray) 

Rgm/ gm 

Range 

agm 

23 

12% ensein— control 

3 

240 

10 

15.0 

19.3 

10. 3-20. 3 

182 

24 

12% cascin-t-0.00% DABt 

0 

180 

— 2 

11.5 

15.0 

12.0-17,3 

114 

23 

12% cascm-|-0,OC% DAB-h4 gm. methi- 
onine/kg 

6 

181 

o 

11 5 

18.4 

16.7-20 5 

145 

20 

12% casein-1-0,004% m'Me.DAB 

3 

240 

-10 

10,0 

15.5 

14,8-16.2 

100 

27 

12% cascin-i-0.064% ni'Me.D.A.B4-4gm. 
methionine/kg 

3 

213 

2 

11,5 

15,9 

15 0-17,0 

108 

28 

12% casein, restricted control 

3 

249 

0 

11.9 

20.8 

19.0-21.5 

162 

29 

12% casein+0.06% DAB 

3 

258 

_ 2 

12,0 

17.2 

17.1-17 3 

180 

30 

12% casem-f4 gm. methionine/kg-1-0 . 00% 
DAB 

3 

250 

9 

■14.0 

19.6 

15.7-22.0 

184 

31 

24% casein+0,00% DAB 

3 

270 

0 

14.0 

20 8 

19.9-22,3 

220 

32 

12% cascin-i-0.04% m'Me.DAB 

3 

270 

-12 

10.0 

14.9 

13.4-16.2 

109 

SS 

12% ca.scin-i-4 gm. methionine/kg-1-0 , 04% 
m'Me.D.AB 

3 

255 

-13 

8.1 

15 6 

14.7-10,5 

145 

34 

24% casein-f-O 04% m'Me.DAB 

3 

270 

— 2 

14.0 

10.8 

13 8-19.2 

157 

33 

12% casein-i-0,09G% o'Me.DAB 

3 

250 

- 1 

12.5 

17.0 

16,0-17.9 

170 

30 

12% cascin+0 . 090% o'Me.DAB-p4 gm. 
methionine/kg 

3 

270 

- 4 

13.0 

19.3 

10.7-23.3 

200 


• Diels 33-58 canltincd 3 m?, riboflavin/kc:; diet.s 39-36 contained 1 mjf/kg. Tccding period lor all groups was 3 weeks, 
t DAB = p-dimethylaminonzobcnzene. 


TABLE 4 

PROTECTIVE Effect of Hydrogenated Coconut 
O a ON IlEi’ATic Riboflavin in Ratc Fed 
j>-Disiethyx.amino.\zobenzene 
(D.it.'i of Griffin .md Baumann [5], Table III) 



Time 

Riboflavm*/gm liver 

Riboll.avin*/total 

liver 

'.'c dab 

(nk.) 

{pgm.) 


(Rgm.) 

0 00 

3 

17.1-14.4 = 

2.7 

101- 75=26 

0.09 

3 

18 3-15.8= 

2.5 

134-121 = 13 

0 00 

3 

IS 2-10.2 = 

2.0 

118-113= 5 

0.09 

0 

13,6-15.0=- 

-1.4 

125- 98=28 

0.09 

6 

17.5-17.0= 

0.5 

130- 95=35 

0 09 

6 

19.0-16,7= 

2.3 

94- 75=19 

•Average protection due to 
hydrogenated coconut oil 

1.4 

21 

• 'ru- 

of rat? 
respoR 


WSJIU »I*J, *iJ 

ju lu«: 

Uiiiii 13 me uilierence bt^ 

tween the two. 




diets were fed that are known to retard tumor de- 
velopment (5). 

Representative data (5) are tabulated in Table 
4. indicating the extent to which hydrogenated 
coconut oil (HCNO), an effective agent in retard- 
ing the development of tumors due to DAB (17), 
increases the retention of riboflavin in the liver. 
Under the various conditions of dosage studied, 
the increased retention of riboflavin in the livers 
from rats fed HCNO averaged 1.4 ^tgm. of ribo- 
flavin per gram of liver and 21 ^igm. per total 
liver more than that in rats fed corn oil. By similar 
calculations of the data in Table 3, it can be shown 
(Table 5) that methionine is at least as effective as 
HCNO in improving the hepatic retention of ribo- 
flavin, 1.7 figm. more per gram and 20 ugm. more 
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per liver, while protein (24 per cent instead of 12 
per cent) is distinctly better than either, 2.8 ngm. 
more per gram and 44 ixgm. more per liver (Table 
5). Nevertheless, extra protein is not particularly 
effective in retarding the development of liver tu- 
mors (Tables 1 and 2). The results indicate that 
the retention of riboflavin in rats in short-time 
experiments is only a rough indication of the re- 
sistance of the animal to azo dye tumors and is not 
completely reliable Hinder all dietary conditions. 


DISCUSSION 

In the present study the most obvious effect of 
dietary protein or methionine noted in rats ex- 
posed to azo dyes was an improvement in weight 


TABLE 5 


Protective Effect of Protein and Methionine on 
Hepatic Riboflavin in Rats Fed Azo Dyes 
(Data from Table 3) 



Riboflavin* /gm 
liver 

Riboflavin*/lolal 

liver 

Group 


Cugm.) 

Protein: 

0 08% DAB 

20.8-17.2=3.8 

220-180=40 

0 . 04% m'Me.DAB 

16.8-14.9 = 1.9 

157-109 = 48 

Average protection due to protein 2.8 

44 

Methionine; 

0.08% DAB, 6 wk. 

18.4-15.6 = 2.8 

145-,114=31 

0.06% DAB, 3 wk. 

19.6-17.2=2.4 

184-180= 4 

0.004%m'Me.DAB 

0 . 04% m'Me.DAB 

15.9-15.5 = 0.4 

108-100= 8 

15.0-14.9 = 0.7 

145-109=36 

0.096%o'Me.DAB 19.3-17.0=2.3 
Average protection due to methio- 

200-176=24 

nine 

1.7 

20 

receivii 

atnoun! 


' Uic proup 
pure is the 
; the third 

is the c 


maintenance and in the general appearance of the 
animals. There was some indication of a slight 
protective effect of protein against tumor forma- 
tion, but, in line with previous experiments (8, 16, 
20), the effect was not marked. Tannenbaum and 
Silverstone have failed to find any protective ac- 
tion of dietarj' protein against spontaneous hepa- 
tomas in mice (29). The present results with pro- 
tein suggest those recorded for diets high in cho- 
line, in which cirrhosis is depressed (15), the gener- 
al condition of the animals improved, but the 
incidence of tumors is very similar to that on con- 
trol diets (6, 15). It is doubtful whether the bene- 
ficial effects of dietary protein in rats fed azo dyes 
involve the critical carcinogenic reaction. More 
probably they represent merely another e.xample 
of the ability of dietary protein to increase the re- 
sistance of animals to such diverse toxic agents as 
benzene (30), chloroform (19), arsphenamine (13), 


selenium (26), and the carcinogenic hydro- 
carbons (32). 

Dietary protein proved to be almost as effective 
in improving the retention of riboflavin in rats fed 
azo dyes as in rats not so exposed, but the signifi- 
cance of this vitamin in the precancerous liver is 
not entirely clear. Hydrogenated coconut oil, 
which is effective in preventing the development 
of liver tumors in rats fed DAB (17), is only mod- 
erately active in maintaining normal concentra- 
tions of riboflavin in the liver (5) ; dietary protein, 
on the other hand, is not particularly effective in 
preventing liver tumors (Table 1) but is quite ac- 
tive in maintaining the level of riboflavin in the 
liver (Tables 3 and 5). Nevertheless, hepatic ribo- 
flavin cannot be completely unrelated to the 
carcinogenic process, since the administration of 
the vitamin is an effective way of suppressing the 
development of hepatic tumors due to azo dyes. 

In the determination of hepatic riboflavin in 
groups fed carcinogenic or protective diets, the 
variations within groups are usually fairly wide, 
with some overlapping of values between groups. 
This parallels the results of experiments in which 
tumors are produced, since some individuals with- 
in any group develop tumors faster than others 
and there is an “overlapping” of values in th^ 
sense that a few animals on a protective diet de- 
velop tumors, while a few on the carcinogenic diet 
do not do so. It would be interesting to know 
whether the individuals that maintain the higher 
levels of riboflavin in a short-term experiment are 
also the ones most resistant to tumor development. 

SUMMARY 

Rats fed diets containing an azo dye — DAB, 
o'Me.DAB, or m'Me.DAB— usually developed 
more hepatic tumors when the diet contained 12 
per cent of casein than when 24 per cent of casein 
or 12 per cent of casein plus methionine were fed. 
The effect of the protein on body-weight and gen- 
eral well-being, however, was much more marked 
than it was on tumor incidence. 

Both casein and methionine were effective in 
improving the hepatic retention of riboflavin by 
rats fed the azo dyes studied. The effect of 12 per 
cent of casein was greater than that of 0.4 per cent 
methionine. 
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The Effect of Diethylstilbestrol on the Incidence of 
Leukemia in Male Mice of the Rockefeller 
Institute Leukemia Strain (R.I.L.) 

James B. Murphy, M.D., and Ernest Sturm 


(F Torn the Laboratories of the Rochefellcr Institute for Medical Research, Nexo York 21, Nexe York) 


The incidence of leukemia in the Rockefeller In- 
stitute Leukemia strain (R.I.L.) is definitely high- 
er in the females than in the males. In a previous 
investigation it was shown that castrated males 
had an incidence as high as intact females, while 
castrated females treated with testosterone showed 
a rate closely approximating that of the normal 
males (4). In a group of intact males treated with 
theelin included in the reported study, the dosage 
used proved so toxic that the majority of test mice 
died before or in the early leukemia age period. 
Since the result of estrogen treatment was incon- 
clusive, this part of the investigation has been re- 
peated, with diethylstilbestrol instead of theelin. 


EXPERIMENTAL 

A group of 116 male mice from the R.I.L. strain 
were given weekly intramuscular injections of 0.05 
cc. of diethylstilbestrol in oil (0.05 mg.), starting 

TABLE 1 


Treated males 
Control males 
Control females 


Average age at 
death from ' 
leukemia Leukemia rale 
No. mice (wk.) (per cent) 


116 44.0 71.5 
89 45.1 41.5 
40 48.3 70.0 


when the animals were 16 weeks of age. The injec- 
tions were continued over a period of 7 months, the 
number of treatments varying between 21 and 28. 
As controls, 89 males — littermates of the test ani- 
mals — were kept under the same laboratory condi- 
tions throughout the experimental period. In addi- 
tion, 40 intact, untreated females were set aside to 
give the leukemia rate for the period of the experi- 
ment.^ 

'During the period of inbreeding in our laboratorj'. Hie 
R.I.L. strain has shown a definite fluctuation in incidence of 
leukemia. However, a difference in incidence between males 
and females has been consistently maintained. For example, in 
1943 the rates in females was 88.4 per cent, compared to 53.5 
in males ’(4). In the present series the females had a rate of 70 
per cent, while the males showed a rate of 41.5 per cent. 


The results of the test are given in Table 1 and 
graphically shown in Fig. 1. It will be noted that 
the rate in stilbestrol-treated males was 71.5 per 
cent, while that for the control males was only 
41.5 per cent. This rate for the treated males is 
almost identical with that for the control female 
group (70 per cent). The average age at which leu- 
kemia death occurred varied slightly between the 
groups. The figure for the females was 48.3 weeks;, 
the treated males, 44 weeks; and the control 
males, 45 weeks. 



Fjg. 1. — ^Tlie points on the curves represent the number of 
mice that Imd developed leukemia by the age indicated, ex- 
pressed as a percentage of the initial number of animals. 


DISCUSSION 

It was concluded in our previous communica- 
tion (4) that the male sex hormone exerted sonte 
inhibitory action on the development of leukemia 
in the R.I.L. strain. This conclusion was Ijased on 
the fact that there was a marked increase in inci- 
dence of leukemia in castrated males, and a de- 
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crease in incidence in females treated with testos- 
terone. Removal of the ovaries had no effect on 
the rate in females. In this connection, however, it 
should be noted that at the time of the study the 
normal rate in females was so high (88.4 per cent) 
that further increase from removal of the ovaries 
might not have been possible. Gardner (1) and 
Lacassagne (3) have both reported that prolonged 
treatment with estrogenic hormones increases the 
leukemia rates in some strains of mice. Later, 
Gardner, Dougherty, and Williams (2) noted that 
after similar treatment the response in the increase 
in numbers of lymphoid tumors varies between 
strains, a neoplastic condition in which there is no 
sex difference in the rate of occurrence. 

In interpreting the present result, it is difficult 
to say whether the estrogen acted as a stimulant to 
the development of leukemia or through interfer- 
ence with the inhibiting action in the male hor- 
mones. The fact that the rate in stilbestrol-treated 
males was increased no more than it was following 
removal of the testicles may perhaps be taken as 
favoring the latter interpretation. 


sraiMARY 

The Rockefeller Institute [Leukemia strain of 
mice shows a consistently higher incidence of the 
disease in females than in males. The rate in nor- 
mal males during the period of the present study 
was 41.5 per cent and the females 70. Prolonged 
treatment of male mice with stilbestrol increased 
the rate to 71 per cent, a close approximation to 
that shown by the control females. It is suggested 
that this result is due to the interference with the 
male sex hormone rather than to a direct action of 
the estrogen. 

REFERENCES 

1. GAnDXEn, W. U. Influence of Estrogenic Hormones on 
Abnormal Growths. Occas. Pub. .-tm. A. Adv. Sc., No. 4, pp. 
67-75. Lancaster, Pa.: Science Press, 1937. 

2. Gardxer, W . U., Docghertt, T. E., and 

Vi. L. Lymphoid Tumors in Mice Receiving Steroid 
Hormones. Cancer Research, 4:73-87, 1944. 

3. L.VCASS.AGXE, A. Sarcomes lympholdes apparus chez des 
souris longuemcnt traitecs par des hormones ocstrogencs. 
Compt. rend. Soc. de biol., 126:193-195, 1937. 

4. Mckpht, J. B. The Effect of Castration, Thcelin, and 
Testosterone on the Incidence of Leukemia in a Rockefeller 
Institute Strain of Mice. Cancer Research, 4:022-624, 1944. 



1 he Citric Acid Content of Tumor Tissue and 
of lumor-bearing Rats* 

Frances L. Haven, Ph.D., Challiss Randall, M.S., and W. R. Bloor, Ph.D. 


(From the Department of Biochemistry, School of Medicine and Dentistry, Vnircrsity of Rochester, Rochester, New York) 


A high content of citric acid has heen shown by 
Dickens (1) to be characteristic of rapidly growing 
and regenerating tissue. Embryonic tissue, tissue 
of the newborn, precancerous tissues, and a wide 
variety of tumors of animals and of man were 
found by him to be high in citric acid. Since the 
non-necrotic tissue of Crocker mouse sarcorha 180 
contained more citric acid than did the necrotic 
tissue, Dickens concluded that the high citric acid 
content was a property of the tumor tissue itself 
and not the result of a change, such as calcification 
accompanying the necrosis. 

The experiments described in this paper were 
undertaken to determine the citric acid content of 
the transplantable tumor, Walker carcinoma 256, 
and of various tissues of rats bearing this tumor. 
In some cases the whole tumor was analyzed, and 
in others the necrotic and non-necrotic portions of 
the same tumor were analyzed separately. Citric 
acid was determined on liver, kidney, spleen, 
whole blood, and blood plasma of tumor-bearing 
rats and was compared with values obtained on 
the corresponding tissues of rats in which the 
tumor did not grow after transplantation (non- 
take rats). 

MATERIALS AND METHODS 

Young male rats of the Wistar strain, main- 
tained on Purina Fox Chow and water, were used 
throughout these experiments. Tumor tissue was 
transplanted subcutaneously into the groin by the 
trocar method. The majority of the tumors made 
up from 10 to 35 per cent of the total weights 
when the animals were anesthetized, bled, killed, 
and the specified tissues removed. If liver was to 
be analyzed, the animals were deprived of food 
about 18 hours previously. Blood v^as obtained 
under ether anesthesia, either from the abdominal 
aorta or by heart puncture. Both whole blood and 
plasma were extracted with 10 per cent trichloro- 
acetic acid solution. Relative separation of tumor 

♦ This investigation was supported by a grant from the 
Donner Foundation. Presented in part at the Thirty-eighth 
Annual Meeting of the American Association for Cancer Re- 
search, Inc., at Chicago, May, 1947. 


tissue into necrotic and non-necrotic portions was 
carried out by careful dissection. All tissues were 
ground with sand and extracted with 10 per cent 
trichloracetic acid solution until extraction was 
complete. Kidneys, plasma, and occasionally blood 
from two animals carefully matched in body- 
weight and tumor age and size were pooled, in 
order to obtain samples suflSciently large for 
analysis. 

All citric acid determinations were made by the 
method of Pucher, Sherman, and Vickery (2), 
modified as previously reported (3). Among 
numerous substances tried by Pucher and others, 
the only substance found to enhance the color 
given by citric acid in this method is fi-hydroxy- 
butyric acid In view of this fact, determinations 
of |8-hydroxybutyric acid were carried out by 
Behre’s (4) method on samples of necrotic and 
non-necrotic tumor tissue and on kidneys of 
tumor-bearing animals and gave colors equivalent 
to a maximum of only 0.2 per cent of the total 
amount of citric acid found. Therefore, fi-hydroxj'- 
butyric acid does not contribute to the values re- 
ported as citric acid. 

RESULTS AND DISCUSSION 

The citric acid content of whole tumors and of 
non-necrotic and necrotic portions of other tumors 
is shown in Table 1. The values for the citric acid 
content of whole tumors ranged from 8.6 to 19.5 
mg. per 100 gm., with a median value of 12.3 mg. 
per 100 gm. of fresh tissue. These values are simi- 
lar to those reported by Dickens (1) for two 
Walker 256 tumors. Non-necrotic portions of tu- 
mor contained from 3.4 to 10.0 mg. of citric acid 
per 100 gm., with a median value of 5.8 mg. per 
100 gm., while necrotic portions of the same tu- 
mors contained from 20.0 to 70.4 rag. of citric acid 
per 100 gm., with a median value of 47.5 mg. per 
100 gm. The markedly higher content of citric 
acid in the necrotic center of the tumor than in the 
non-necrotic periphery is diametrically opposed 
to the findings of Dickens (1) on Crocker mou.se 
sarcoma 180. 
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The ciiric acid content of the non-necrotic pe- 
ripheral tumor tissue was inversely proportional to 
the size of the tumor, as shown in Fig. 1. This 
finding constitutes further evidence that the 
composition of the tumor is not always constant, 
a fact previously reported by Mider ct al. (5). The 
relationship between the citric acid concentration 
in tlie peripheral tissue and the size of the tumor 
might be the result of differences in oxj’gen tension 
between small and large tumors. 

Since the separation of tumor tissue into 
necrotic and non-necrotic portions was not abso- 
lute, the ciiric acid in the non-necrotic portion 


forming citric acid, determinations of the activity 
of aconitasc, the enzj*mc which catalyzes the con- 
version of cis-aconitic to citric acid, were carried 
out essentially by the method of .Johnson (G). The 
fresh tissues were homogenized in the buffer, and 
aconitase activity was determined immediately on 
aliquots of the homogenate. The final concentra- 
tion of cis-aconitic acid in tlie incubation mixture 
was 0.04 M, a concentration which was found 
sufficiently high for maximum activity of the 
enzyme. 

Aconitasc activity was present in peripheral 
tumor tissue, as shown in Table 2, but was not 


TABLE 1 


CiTnir .\ctD Content of tV.mKEu Tumor 25C 




TciioR weiciiT 

CltRlC ACID 



No. OF 

R-eS'CE 

(mg/100 cm tVKT W“T.) 


TtJMQUft 

(c«.) 

Range 

Median 

Periphery' 

Center / 

21 

21.2-C7.C 

f 3.4-10.0 
(20.0-70,4 

5.8 

47.5 

Whole tumor 

18 

13.4-62.0 

8.6-10.5 

12, .3 


(D 12 -- 



I'ici. 1- — ’The ciiric acid content (mg/100 gm wet weight) 
of peripiicm) tumor tissue plotted ag.iinst t!ic tumor per- 
eeiilage of hody-weight. The line is based on average values. 


TABLE 2* 


The aconitase ACTrvm' of Pbripheual and 
Centkae Tumor Tissuf. 



Mg. dry’ tissue 

Mg. citric acid 



per mi. ol incu* 

formed per ml. of 


Tumor tissue 

bation mixture 

incubation mixture 

Qeitrst, 

Peripheral 

2.5 

0.34 

15.9 


2.1 

0.31 

17 2 


2.8 

0.51 

21.3 


2.7 

0.47 

22.3 


3.0 

0.35 

13.7 


3.6 

0.51 

IG.l 

Central 

3.0 

0 

0 


4.8 

0 

0 


5.4 

0 

0 


* Incubation mixlurcs were prepared by combiDinc 3 ml. of 0.13/ 
phosphate buffer of pH 7.4; 1 ml. of 0.2 3/cU-ncomticftciij neutralized in jee- 
coJd water with solid XallCOi; and 1 mb of the tissue homogenate in 
O.l 3/ phosphate buffer of pH 7.4. Incubation was carried out for 1 hour 
at 40^ C. under anaerobic conditions. 


might be attributed to contamination of the 
sample with necrotic tissue high in citrate. This 
possibility is unlikely for several reasons. Ciiric 
acid was found in pooled samples of metastatic 
growth known to be relatively free from necrosis, 
3Ioreovcr. if citric acid of the periphery* were due to 
chance contamination, it is extremely unlikely* 
that the regular relationship shoum in Fig. 1 would 
be obtained. Citric acid seems to be a metabolic 
product of actively growing tumor tissue. 

Tlie liigh content of citric acid in the center of 
the tumor might he due to (a) increased formation 
or decreased oxidation of citric acid within the 
center or (6) accumulation of citric acid formed in 
the periphery. In order to find out whether the 
tissue in Ihe ccnlcr of the tumor is capable of 


found in the tissue from the center of the tumor. 
Therefore, one can assume that citrate is not 
formed in the center of the tumor through the 
action of aconitase. Instead, the citric acid formed 
in the periphery* may* have accumulated in the 
center and been held there, perhaps in combina- 
tion with some cation which would remove it from 
active metabolism. The rapid growtli of the pe- 
riphery* and the poor blood supply* of the center, 
which would foster anaerobic conditions, would 
also contribute to the accumulation of citric acid 
in the center. 

Values for the citric acid content of organs of 
tumor-bearing rats and of rats in which the tumor 
did not take are shown in Table S. In general, the 
average values for citric acid were higher in the 



92 


Cancer Research 


organs of animals with tumor. The exception 
presented by whole blood is not surprising, since 
Gathe and Nygaard (7) showed that citrate added 
to whole blood remained in the plasma. On the 
other hand, plasma of animals with tumor was 
higher in citrate than was the plasma of “non- 
take” rats. 

Two explanations can be offered for the higher 
citrate content of the organs of tumor-bearing rats. 
The citrate formed in the tumor in large quanti- 
ties or oxidized slowly might be carried in the 


S. The citric acid content of the peripheral 
tumor tissue was inversely proportional to the 
size of the tumor. 

4. Plasma, liver, kidney, and spleen of rats 
bearing tumor were higher in citric acid than were 
similar tissues of “non-take” rats. ' 
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TABLE 3 

Citric Acid Content of Rat Tissues 
(Mg/100 Gm Wet Weight) 


Tumor anixmis Nok-takes 

No, of No. of No. of No. of 


Tissue 

rata 

analyses 

Mean 

Range 

rats 

analyses 

Mean 

Range 

Whole blood* 

22 

11 

4.63 

3.67- 6.54 

20 

10 

4.98 

3.43-6.53 

Plasma* 

25 

12 

6.29 

4.80- 7.83 

20 

10 

4.86 

4.19-5.62 

Kidney 

50 

21 

8.88 

6.46-12.40 

52 

19 

6.11 

4.05-7.64 

Liver 

29 

29 

5.97 

3.51-10.47 

21 

21 

4.41 

3.06-5.72 

Spleen 

21 

10 

8.23 

6.06-10.94 

37 

10 

6.81 

4.14-8.77 


* Mg/100 ml. 


plasma and accumulate in the liver, kidney, and 
spleen. Or, in line with the many observations on 
the chemistry of the tumor-bearing host assembled 
by Greenstein (8), the presence of neoplasm in the 
animal may have caused the various organs to 
assume “chemically neoplastic qualities,” result- 
ing in an increased formation or decreased utiliza- 
tion of citrate. 

SUMMARY 

1. Walker 256 rat tumors contained more citric 
acid in the nongrowing center than in the growing 
periphery. 

2. Aconitase activity was present in the periph- 
eral tissue but was completely absent from the 
center. 
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Induction of Mammary Cancer with Methylcholanthrene 

II, Histological Similarity between Carcinogen-induced 
Tumors and Certain Mammary Neoplasms 
Occurring Spontaneously 

Arthur Kirschbaum, Ph.D., M.D. 


(From the Department of Anatomy, Unirer.tily of Minnesota Medical Sehoot, Minneapolis, Minnesota) 


Tlie onset of mammary cancer has lieen accel- 
erated in female mice of the dha stock by the ad- 
ministration of carcinogenic hydrocarbons (4, 8, 
11). When the milk-agent was excluded by foster- 
nursing or by hybridization (e.g., Fi hybrid crosses 
Ijetween dba males and females of a second stock 
lacking the milk-agent), it was still possible to in- 
duce mammary cancer by administering methyl- 
cholanlhrene (7, 10). In the low mammary cancer 
NHO stock, methylcholanthrene was carcinogenic 
for the mammari,' gland (13). 

Carcinogen-induced adenocarcinomas of the 
mouse mammarj' gland are characterized by a 
large amount of squamous epithelial metaplasia, 
whether the carcinogen is dissolved in benzene and 
applied to the skin overlying the mammarj' gland 
(8, 10), injected intravenoush' (7), administered 
intrana.sallj' in oil (8), or applied subcutancou.slj' 
at sites far rcmovetl from the development of 
mammarj' cancer (G). This histologic picture could 
be interpreted as a specific result of the keratiniz- 
ing influence of the carcinogenic hj'drocarbon: 
keratinized masses arc to be found within onlj' 10 
j)cr cent of the adenocarcinomas arising spontane- 
otislj- in slocks which j)ossess the milk-agent and 
exhibit a high incidence of mammarv cancer (3). 

In a report comparing the histologj' of spon- 
taneous and carcinogeti-induced mammarj' cancer 
it was concluded that the spontaneous and induced 
tumors are di.ssimilar in both their final .structure 
a!id their histogenesis (10). The spontaneous 
mammarj' tumors studied h.ad arisen in mice pos- 
sessing the milk-agent. Recentlj' the author has 
studied mammarj- tumors arising s]3ontaneou.slj' 
in hj'brid crosses between females of the low mam- 
marj- cancer XU' strain and males of subline 212, 

* This iiiveslipntion has been aided by grants from the 
J.ane Coffin Childs ^JcmorulI Fund for Medical Research, the 
X.itiona! C.-mcer Inslilulc, and the C.ancer Fund of the Gradu- 
.itc School of the I'niversity of Mirinesola. 


strain dba. The histologic structure of these tu- 
mors was found to be similar to that observed in 
the carcinogen-induced mammary cancers. This 
material is being presented, and its possible sig- 
nificance is discussed. 

liUTERLALS AND JIETHODS 
Untreated breeding female mice of the NH 
stock were observed for spontaneous mammarj' 
cancer. In approximatelj- 500 females onlj' one 
mammary tumor has been seen (Fig. 1). NH mice 

TABLE 1 

OccuRREXCE OF M.t^r.^r.vRy Tumors is Hybrid 
Mice of the NH and dija-{212) Strains 




So. with 

Age of 


So. of 

roamroao* 

mammao' 

Genetic con.Utulion 

TOWt 

cancer 

oancer (taonlhs^ 

NTIXD F,* 

18 

3 

30-34 

-NHDXNHD F; 

15 

3 

22-30 

NHDXD back-cross 

oa 

o 

22-26 

Tot.ni or range 

55 

8 

22-34 


* D indiratc* dba-ili. 


were crossed with animals of the dba strain (sub- 
line 212), so that the maternal influence was al- 
waj's provided bj- the NH stock. The groups and 
numbers of hj-brid mice studied are presented in 
Table 1. 

Hj’brids all were breeding animals and were ob- 
■served for the occurrence of mammary tumors. 
Tho.se neoplasms which .appeared were studied 
histologicallj'. Comparison was made between the 
sections of these tumors and of mammarj- tumors 
in our collection (a) arising spontaneouslj- in mice 
with the milk-agent. Strong A, dba, and (CsH X 
dba) Fi hj'brids, and (6) induced bj- methj-1- 
cholanthrene in mice with, e.g., dba-212, and with- 

* NH mice obtained from Dr. L. C. Strong, of Yale L'niver- 
-cify School of Medicine, in the eighth inbred generation in 
ISIl and non- iti the tnenty-fiflh inbred generation. 
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onl the niilk-apciil. c.g.. Zb mice (10) and the 
j)ropeny of dha-212 mice fostered liy a Zb female. 
Melliylcholaiithrenc was dissolved in benzene 
(0.2,5 jier cent solution) and was painted on the 
skin three times weekly for from ciglitcen to fifty 
limes, the site of ])ainting being varied to delay the 
develoj)menl of skin tumors (4). 

OIISMHV.VTIOXS .\XD DISCUSSIOX 

The incidence and age of appearance of mam- 
mary tumors in the hybrid mice are pre.sented in 
Table 1. The incidence of mammary tumors was 
low. This, together with the late ajjpearance, sug- 
gests that the milk-agent is not ])re.sent in the NH 
slock. 

The tj'])ical appearance of thc.se tumors is il- 
lustrated in Figs. 1 and 2. Histologically they are 
indistingui.sluible from methylcholanthrene-in- 
diiccd cancers (Fig. 3). The large amount of 
squamous metaplasia difTcrentiated them from the 
.spontaneous mammary adenocarcinomas of liigh 
cancer slocks, in which islands of keratinized 
epithelium arc found in only a small per cent (9). 
Unfortunatel.v, tumors of Fi h.vbrid mice of the 
dba X NH cross were not studied histologically. 
Such mice would be genetically identical with the 
Fi hybrids studied licrc and would also possess the 
milk-agent. 

Unpublished data from another laboratory’ also 
reveal that, in s])onUincous mammar.v tumors aris- 
ing in very old hybrid mice without the milk- 
agent, considerable amounts of squamous epithe- 
lial tissue are prc.‘;ent (11). Other observations in- 
dicate that sponlimcous tumors appearing in the 
ab.sence of llie milk-agent are not nece.s.sarily of 
this histologic type (12) and m.ay not be es.sentially 
different histologically from tumors associated 
with the milk-agent (G). 

The microscopic structure of mouse mammary' 
cancer de.'icribed and illustrated here (adenocar- 
cinoma witli squamous metaplasia) can be corre- 
lated with etiology other than the milk-agent (in 
one case carcinogenic hydrocarbon and in the 
other nnknown). The carcinogen-induced neo- 
plasms of the mammary gland of mice re.semble 
certain .spontaneous tumors of this .sj)ecie.s, but 
thc.se are not the spontaneous adenocarcinomas 
usnally studied and described for mice. They arc 
tumors not ordinarily seen, since they' appear in 
very old females of i)opulations in which the 
mammary tumor incidence is low. that is, females 
without the milk-agent. 

Fir. 1. — Mamm.nn' tumor ari«iiip 5ponlancou,Tv in tlie 
strain XII female. Tlie only mammary cancer wliicli Iia.s Ixen 
seen in tliis .«tock. Large amount of squamotK epilliclial met.a- 
pki5ia. Map. XTO. 

Fig. 5. — Mammary tumor arising in an F* hylirid female 
(XllXiitia'l. Both .squamous cpitliclial tk<ue and epithelium 


Studies are in progress (in collaboration with 
Dr. John Bittner) to ascertain whether a mam- 
mary tumor-inciting agent can be extracted from 
these tumors characterized histologically' by 
squamous mctajilasia. 

SUiMM.MlY 

Spontaneous mammary’ adenocarcinomas in hy’- 
brid mice of certain genetic constitution, and pre- 
sumably' without the milk-agent, exhibited a pro- 
nounced degree of squamous metaplasia. The 
structure of these tumors was similar to that seen 
regularly' in methy'lcholanthrcne-induced mam- 
mary' cancers. It is suggested that this histologic 
ty'pe of mammary' tumor may' be indicative of de- 
velopment independent of the milk-agent. 
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c.xhihitinp the acinar arrangement of mammarj' adenocarci- 
noma present. Alag. X150. 

IiG. 3. — Alammaiy tumor induced with methj'lcholan- 
threne in a Zb female (C:H lacking the milk-agent). Hkto- 
logicallj', carcinogen-inducer] tumors are identical with 
mammary tumors arising spont.aneouslj' in females without 
the milk-agent. Alag. XTO. 


Studies on the Intracellular Composition of Liver and Liver 
Tumor from Rats Fed 4-Dimethylaminoazobenzene* 

J. M. Price,! M.S., J. A. Miller, Ph.D., E. C. A^iller, Ph.D., 

AND G. M. Weber, B.S. 

(From the McArdh Memorial Lahoratory, Medical School, Vnhersity oj Wisconsin, Madison G, Wisconsin) 


In a previous study (8) the livers of rats fed the 
hepatic carcinogen, 4-diinethyJaminoazobenzene, 
were separated by differential centrifugation into 
the nuclei, large granules .(mitochondria), small 
granules (inicrosomes), and a supernatant fluid 
(particles nonsedimentable at 19,000 X g). Anal- 
yses for protein, nucleic acids, riboflavin, and pro- 
tein-bound aminoazo dye were made on each frac- 
tion. The ingestion of the d 3 ^e in a diet low in ribo- 
flavin increased the protein and desoxj'pentosenu- 
eleic acid content of the nuclear fraction. In diets 
containing either low or high levels of riboflavin, 
4-dimethylaminoazobenzene reduced the ribo- 
flavin content of the large granules and superna- 
tant fluid, lowered the level of protein in the large 
granules, and decreased the pentosenucleic acid 
content of the large and small granules. Protein- 
bound dye was found in all the fractions, with the 
highest concentrations occurring in the small gran- 
ules and supernatant fluid. 

The protein-bound dyes appear to have causal 
significance in the carcinogenic process induced by 
‘i-dimethylaminoazobenzene (6). Since the level 
of protein-bound dye in the liver reaches a maxi- 
mum at 4 weeks and thereafter decreases (6), the 
above studies were made on rats fed the dye for 
this length of time. However, hepatic neoplasms 
do not occur until the dye has been fed for several 
months bejmnd this maximum. Therefore, it was 
of interest to compare the intracellular composi- 
tion of the lir'er in rats fed the dye- for 4 to 5 
months and the tumors arising in such livers. 

3IETHODS 

Source and 'preparation of tissues . — Male rats 
of the Sprague-Dawlej’’ strain^ and weighing 175 to 
200 gm. were fed ad libitum a semisynthetic diet 
(9) containing 0.06 per cent 4-dimethylaminoazo- 

* This work was supported by grants from the National 
Cancer Institute, United States Public Health Sendee, and 
the Jane Coffin Childs Memorial Fund for Medical Besearch. 

t Predoctorate Research Fellow, National Cancer Institute. 

^ Obtained from the Holtzman Rat Company, Madison, 
Wisconsin. 


benzene and 1.0 mg. of riboflavin per kilogram. 
After 4 to 5 months animals with suitable tumors 
were selected hy e.xploratorj^ laparotomy. For each 
fractionation of liver free of gross tumors, 2 ani- 
mals were killed with ether and the livers were 
perfused in situ (8). All visible tumors were re- 
moved, and the remaining liver tissue was used for 
analj’^sis. Each liver exhibited gross signs of cirrho- 
sis due to the carcinogen. 

The perfusion was omitted in the fractionations 
of tumor tissue, since analyses for protein-bound 
dye indicated that nonperfused tumors were as 
low in interfering blood pigments as either per- 
fused tumors or perfused livers. This shortened the 
time required to collect the tumors, since 6 to 9 
rats were necessary to supply enough tumor for 
each fractionation. After excision, each tumor was 
halved and inspected for signs of degeneration. All 
acceptable tumors were immediate^ placed in an 
ice-cold beaker, and the tumor pool was freed of 
external blood by washing with ice-cold isotonic 
KCl before homogenization. Four fractionations 
were made on pools of firm tumors less than 1.0 
cm. in diameter. Two of these fractionations were 
made on tumors collected while the rats were still 
receiving the carcinogen, while the other two were 
made after the rats had been fed the same diet 
without 4-dimethylaniinoazobenzene for an addi- 
tional 2 to 4 weeks. After this period onthe dye- free 
diet, no free (7) or protein-bound (6) dye can be 
detected in the liver. For comparison, one fraction- 
ation was carried out on degenerating liver tu- 
mors. These neoplasms were larger, I to 2 cm. in 
diameter, and all showed some signs of central 
softening, although no tumors with fluid interiors 
■were used. All these tumors showed sufficient gross 
evidence of necrosis to have, excluded them from 
the other fractionations. 

Homogenates of the livers and tumors were pre- 
pared in 0.88 M sucrose solution, as described pre- ■ 
viously (8). All operations were performed in a 
cold room at 3° C. 

Differential centrifugation.— The procedure de- 
scribed previouslj’’ (8) was used. All centrifuga- 
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tions of the nuclear fraction were made at 000 X <7 
for 10 minutes (8, cf. n. 3). Tliree to o.4 gm. of 
tumor and 7.2 gm. of liver were used for each frac- 
tionation. 

Aiinh/lical procedures. — Protein, nucleic acids, 
riboflavin, and protein-hound dye were determined 
as previou.sly described (8). 

Ci/toloriical methods . — The tissues were fixed in 
Mossman’s modification of Lavdow.sky’s formalin, 
alcohol, and acetic acid mixture (4). imbedded in 
paraffin, and cut al a thickness of 5 fi- Adjacent 
.sections were stained with hematoxylin and cosin 
and by the Feiilgen method (o). For each Fculgcn- 
stained slide a control section was pul through the 
•same procedure, cxccjjt that the acid hydrolysis 
was omitted. 


tions compared with the whole homogenate) var- 
ied from 04 to 10] per cent (average 00). 

Dcsoxupcutosenurlric acid dislrihulioti . — On an 
average, the tumors contained over twice as much 
dc.soxypciitoscnucleic acid as did the livers, wheth- 
er tlic ilata were calculated on a frc.sh-wcight or a 
protein basis ('I'ablc 2). However, as a result of the 
large increa.se in the j)rolein content of the nuclear 
fraction of the tumors, the concentration of das- 
oxj'iiento.scnnclcic acid in this fraction was only 
114 mg. per gram of protein as compared to 01 mg. 
per gram for the livers. In the livers 03 to 08 j)cr 
cent of the total dcsoxypento.scnuclcic acid was 
found in the nuclear fraction and 4 to (i percent in 
tlic large-granule fraction. In contrast, the nuclear 
fraction of tlic tumors contained only 82 to 01 per 
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Qualitative aliscrvaliaus. — t'nlikc the rehitivel.v 
normal livers used in the jirevious study (8) and 
the cirrhotic livers studicfl here, the tumor tissue 
did not leave a mat of fibrous material in the tissue 
mincer (8) that was employed prior to homogeniza- 
tion. During the fractionations it was very evident 
that the volumes of the nuclear and large-granule 
fractions of the tumors were larger and smaller, rc- 
•siieetively, than the corrcsjionding fractions of the 
livers. It was also noted that the centrifuged pellet 
of small granules from the tumors jiosse.s.sed a 
bntr color, in contrast to the amber red of the cor- 
responding fraction from the livers. 

Protein di.stributiou — 'i'he total protein contents 
of the livers and the various gron[)s of tumors were 
not significantly difi'erent, but the intracellular 
dislribiition of jn-otein changed considerably when 
the liver became neoplastic ('Pahle 1). 'riiere was a 
sharj) increase in the iirotein content of the nu- 
clear fraction from an average of 27 mg. ])er gram 
of liver to an average of 41 mg. per gram of tumor, 
with a concomitant decrease in the average ])ro- 
lein content of llie large-grannie fraction from 38 
to 13 mg, of protein ])er gram of the resiicclivc 
tissues. 'I’he recovery of protein (sum of the frac- 


cciit of the total, with 8 to 14 percent ilistributed 
among the three cytoiilasmic fractions. 'I'he intra- 
cellular distribution of this nucleic acid was similar 
in both the small firm tumors and in those .showing 
gross .signs of necro.sisand degeneration. It is of in- 
terest to note that, when the .same fractionation 
jiroccdure was a^ijdied to the livers of rats fed 4-di- 
methylaminoazobenzene for only 4 weeks, tliere 
was no detectable desoxypentosenucleic acid in 
any of the cylojilasmic fractions (,S, cf. n. !>). 

('i/toloiiiral search for cutoplasuiic particles coii- 
tainimj diwu-j/ peuloscu uclcic acid . — Microscopic 
examination wasengiloyed to determine the origin 
of tlie de.soxypentosemieleic acid in the cyto])las- 
mic fractions. 'I'lie tissues examined included sec- 
tions of each of the 20 tumors used in fractionation 
No. 3; 7 other liver tumors which were removed 
with a liberal (piantity of surrounding liver: and 
8 liver .samiilcs from rats fed the azo dye for only 
4 weeks. All the tumors examined were jirimary. 
maligmml neo|»lasms of the liver similar to those 
•Ic.scribcd by ICdwards and White (2). In some 
ca.ses small amounts of liver wore found on the 
])criphery of tumors which had been grossly freed 
from liver; on the average, however, the liver cells 
ajipcared to constitute le.ss than ti per cent of the 
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tissue mass. The quantity of connective tissue 
varied from practically none in well-differentiated 
hepatomas to almost 50 per cent in some adeno- 
carcinomas. Possibly as much as 15 per cent of the 
mass of a tumor pool was connective tissue. 

Particularly evident in the Feulgen-stained sec- 
tions of the tumors was the diffuse infiltration of 
polymorphonuclear leukocytes and a few round 
cells (Fig. 1). The tissue spaces often contained 
numerous leukocytes and necrotic tumor cells 
(Fig. 2). Small Feulgen-positive particles, which 
varied from about 5 g to less than 0.5 y. in size, 
were associated with the areas containing numer- 
ous leukocytes. These particles were probably de- 


tive and were much more numerous than the 
basophilic inclusion bodies. 

Pentosemicleic acid distribution. — ^The increase 
in total pentosenucleic acid from 5.23 mg. per 
gram of liver to 7.03 mg. per gram of tumor was 
the resultant of a doubling of the amount in the 
nuclear and supernatant fluid fractions and a de- 
crease in the level to one-half in the large-granule 
fraction (Table 3). In the large-granule fraction, 
however, the concentration of pentosenucleic acid 
per gram of protein increased from 42 mg. per 
gram for liver to 52 mg. per gram for tumor. 
On an average, 44 per cent of this nucleic acid 
was found in the supernatant fluid fraction 


TABLE 2 


Distribution of Desonttentosenucleic Acid in Liver and Tumor Fractions 


DEGE^^EUA.T« 


Fraction 

Ln’ER FREED OF XlTMORS 

Tumors collected 

During dye-feeding After dyc-feeding 

XNO 

TUMORS 


1 9 

Fractionation- xo. 

3 4 

5 G 

7 


MlLUGKAAtS OF NUCLEIC ACID PER ORAM OF FRESH TISSUE 


Whole homogenate 

2.61 

2.37 

5.20 

0.04 

5.21 

5.72 

5.28 

Nuclei 

2.57 

2.20 

4.54 

4.95 

4.73 

4.73 

4.57 

Large granules 

0.09 

0.14 

0.20 

0,47 

0.25 

0.33 

0.18 

Small granules 

0.00 

0.00 

O.OC 

0.05 

0.06 

0.09 

0.09 

Supernatant fluid 

0 00 

0.00 

0.18 

0.34 

0.18 

0.19 

0.24 

Recovery 

2.70 

2.34 

4.98 

5.81 

5.22 

5.34 

5,08 




Milligrams of nucleic acid per gram or protein* 



Whole homogenate 

19 

19 

43 

52 

43 

44 

43 

Nuclei 

80 

90 

in 

115 

118 

113 

114 

Large granules 

2 

4 

18 

34 

19 

24 

13 

Small granules 

0 

0 

5 

5 

4 

6 

7 

Supernatant fluid 

0 

0 

3 

8 

3 

3 

4 


* The figures to the nearest Mjiole number. 


rived from disintegrating tumor cells and leuko- 
cytes. Occasionally these particles were found in 
the cytoplasm of the tumor cells, probably as a re- 
sult of phagocytosis (3). Both the Feulgen-posi- 
tive particles and the polymorphonuclear leuko- 
cytes were practically absent from livers of rats 
fed 4-dimethylaminoazobenzene for only 4 weeks 
and rare in livers examined after 4 months of dye- 
feeding. Occasionally Feulgen-positive, basophilic 
inclusion bodies were seen in the cytoplasm of an 
apparently intact tumor cell (Fig. 3). This oc- 
curred most frequently on the margin of a space 
containing numerous white blood cells and only oc- 
casionally in areas where there were very few 
leukocytes. These Feulgen-positive bodies appear 
to be the basophilic cytoplasmic inclusion bodies 
described by Edwards and "White (2). Large, 
acidophilic cytoplasmic inclusion bodies similar to 
those described previously (2) were found in many 
of the tumors (Fig. 4). These were Feulgen-nega- 


of the tumors, while the same fraction of liver 
contained only 28 per cent of the total. The re- 
coveries ranged from 93 to 102 per cent (average 
97). 

Riboflavin distribidion.~The riboflavin content 
of the livers and tumors averaged 5.5 and 3.9 pgm. 
per gram of fresh tissue, respectively (Table 4). 
"IVhile the riboflavin content of the large-granule 
fraction decreased from 2.6 ngm. per gram of liver 
to 1.2 figm. per gram of tumor, the concentration 
per gram of protein in this fraction was 68 ygm. in 
the liver and 93 in the tumor. Similarly, the sraall- 
granule fraction in the tumor contained less ribo- 
flavin, but in this fraction the concentration per 
gram of protein was less than in the corresponding 
fraction of fiver. On an average, the recovery of 
riboflavin in the fractions was 107 per cent. 

Distribution of protein-bound aminoazo dye. ^It 
was previously shown that no detectable amount 
of the protein-bound dyes occurs in the tumors in- 




1 to 4. — Tissiifs represented l),v llie lifiiires on this pinte were sinined by 
the reulf!eM inelliod for desoxypeiitosenneleie iiciil. Tlie I'eidpen-posillve nialerinl 
iippeiirs blnck in these iihotoKnildis. 

h'lG. 1. — Tniuor witli inodernte deitree of iidiltration witli polymorplionnelenr 
leukocytes and round cells. XSOd. 

Vio. 2. — ^Saine Innior, .showin;' a larpe tissue .sj)nce I'dled with leukocytes, necrotic 
cells, and debris. Note the sinall h'enlKen-positivc particles, some of which appear 
to be cxtrn-cellninr. Margin of tnnior is seen at upper cslge of tignre. XAt'O- 
h'ld. !t. — Tumor showing hVidgen-positive cytoplasmic inclnsion bodies {arrow). 
These stained more densely and nnitormly than did the miclei. X12()0. 

l'’iG. 4. — Tumor with several I'Vvdgen-negulive cytoplasmic inclusion bodies (nr- 
rown). Xfldh. 
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duced by 4-diinethylaminoazobenzene (6), and 
in the present studies no bound dye could be found 
in any of the tumor fractions. These dyes have an 
absorption maximum at 520 m^ in acid solution 
and are determined by the optical density of acid 
solutions of the dye after extraction from alkaline 
hydrolysates of the protein. Such solutions ob- 
tained from the various tumor fractions did not 
absorb maximally at 520 m/i. and tlie low optical 
densities found were similar to the nonspecific ab- 
sorptions noted for comparable fractions from the 
livers of rats fed diets not containing the azo dye 
( 8 ). 

The liver surrounding the tumors contained 
protein-bound dye in all the fractions (Table 5), 


but the amount of dye in each fraction was about 
half that found after 4 weeks of dye-feeding (8). 
Furthermore, in a single fractionation of the livers 
of rats fed the dye for only 1 week, the percentage 
distribution of protein-bound dye was similar to 
that observed after either 4 weeks or 4 months. 
Thus the changes in the levels of protein-bound 
dye apparently occur uniformly in the various 
fractions. Throughout the period of carcinogenesis 
the proteins of the supernatant fluid fraction con- 
tained the highest concentration of protein-bound 
dye. 

DISCUSSION 

Many of the changes previously found (8) in the 
livers of rats fed 4-dimethylaminoazobenzene for 


TABLE 3 

Distribution of Pentosenucuf.ic Acid in Liver and Tumor Fractions 


Degenerat- 

Tumoks collected n?G 

Fraction Liver freed of tumor During dye-feeding After dye-feeding tumors 

Fractiosatios no, 

I 2 3 4 5 C 7 


Milligrams op nucleic acid per gram op fresh tissue 


■Whole homogenate 

5.S.7 

5.17 

•7.03 

6.13 

7.59 

6.88 

7.60 

Nuclei 

0.87 

0.77 

1.80 

1.82 

1.77 

1.57 

1.78 

Large granules 

1.47 

1.61 

0.63 

0.66 

0.76 

0.71 

0.67 

Small granules 

1.08 

1.33 

1.24 

1.09 

1.26 

1.82 

1.58 

Supernatant fluid 

1.56 

1.37 

3.20 

2.62 

3.22 

3.25 

3.06 

Becovery 

4.98 

5.08 

6.87 C.19 7.01 

Milligrams or nucleic acid per gram of protein* 

0.85 

7.09 

Whole homogenate 

38 

42 

58 

52 

63 

S3 

61 

Nuclei 

29 

83 

44 

42 

44 

37 

44 

Large granules 

38 

45 

'57 

47 

58 

51 

48 

Small granules 

83 

95 

95 

109 

90 

94 

122 

Supernatant fluid 28 28 

* The figures to the nearest whole number. 

58 

60 

58 

54 

54 


TABLE 4 

Distribution of Riboflavin in Lu'er and Tumor Fractions 


Fraction 

Liver freed of tumor 

Tumors collected 

During dye-feeding After dye-feeding 


I 2 

Fractionation no. 

3 -t ^ 


MicnoGiiAUa op nisopuviN per gram of PREsn tissue 


Wiole homogenate 

Nuclei 

Large granules 
Small granules 
Supernatant fluid 
Recoverj' 


\STiole homogenate 
Nuclei 

Large granules 
Small granules 
Supernatant fluid 
* The figures to the net 


5.7 

5.3 

0.8 

0.5 

2.6 

2.5 

0.9 

0.9 

1.7 

1.2 

6.0 

5.1 


41 

43 

27 

22 

67 

09 

70 

64 

31 

24 


whole number. 


4.1 

4.1 

4.0 

0.8 

0.7 

0.8 

1.0 

1.2 

1.3 

0.6 

0.5 

0.7 

2.0 

1.8 

1.6 

4.4 

4.2 

4.4 


MjPROGRAMS op RIDOFLAraN PER GRAM OF PROTEIN* 


34 35 33 

20 IG 20 

91 86 100 

46 SO 50 

36 41 - , 29 


30 

19 

100 

43 

25 


Degi:nerat- 

ISC 

TUMORS 


3.5 

0.7 

1.2 

0.7 

1.3 

3.9 


28 

18 

86 

54 

23 
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4 weeks were continued to the neoplastic state. 
Thus the tumors contained even higher levels of 
both protein and deso.xyjientosenucleic acid in the 
nuclear fraction than did the livers analyzed after 
either 4 weeks or 4 months. Furthermore, the 
large-gramde fraction of the tumors contained 
only half as much protein, pentoscnuclcic acid, and 
riboflavin as did the same fraction of livers from 
rats fed the dye for only 4 weeks. On the other 
hand, the large granule fraction of the livers from 
rats fed the dye for 4 months (i.e., the liver .sur- 
rounding the tumors) contained slightly more pro- 
tein and pentosenucleic acid but only two-tliirds as 
much riboflavin as was observed at 4 weeks. 'J'he 


TABLE 5 


DlSTOinUTION OF PnOTEI\-nOUM) AMINOA'/O Dyi-s 
i.N Ln'En Freed of Tumor 
{Measured in Acid-EUmnoI nl 520 mn and Corrected for 
Nonspecific Absorption [S]) 


UK t./IXW UK 1,/I-S.W 

(vFji CM. lursn Tissri:) {pi;u c«. or rieoTr.i.\) 


Fkactio.v 

Whole homogenate 
Nuclei 

Large granules 
Small gramdc.s 
Supernatant fluid 
Bccovcry 


1 

rn.^CTIONATlON NO. 

d 1 


252 

217 

1810 

I7fi0 

as 

20 

1170 

870 

43 

34 

1100 

910 

24 

29 

1850 

2070 

14!) 

1.34 

2710 

2740 

251 

217 




increased pentosenucleic acid content of the tu- 
mors and the decreased protein content of the 
large-granule fraction of the tumors arc in agree- 
ment with the earlier findings of Schneider (10). 
The large amount of pento.scnucleic acid in the 
supernatant fluid from the tumors is striking. Brach- 
et and Jeener (1) found Itirge quantities of this con- 
stituent in the non.sedimcntable (at 200,000 X f/) 
portion of embrj'onic ti.ssuc and little or none in 
the same fractionsof adult homologous ti.ssuc. Their 
studies did not include tumors, and further work 
on this point is desirable. 

It is probable that the e.xlra-nuclear dc.soxy- 
jiento.senucleic acid found in the livers and i)ar- 
ticularly in the tumors was largely derii-cd from 
fragments of the nuclei of jiolymorphonuclcar 
leukocytes and necrotic tumor cells, .since histo- 
logic examination of these ti.s.sucs di.sclo.scd the 
presence of large numbers of Feulgcn-jmsitive 
bodies of varying size in areas where thc.se cells 
were numerous. This conclusion is strengthened by 
the fact that, after only 4 weeks of dye-feeding, 
polymorphonuclear leukocytes iverc ab.scnt from 
the liver; and in this case all the desoxyiiento.senu- 
cleic acid was found in the nuclear fraction. In an 
analogous finding. Sherry et al. (11) noted large 
numbers of extra-nuclear .and extra-cellular Peul- 


gen-positive granules accompanied by rvliite blood 
cells in sterile, as rvell as in purulent, pleural e.xu- 
dates from patients with pneumonia. It is recog- 
nized that tl)c presence of white cells and connec- 
tive ti.ssue in the tumors studied here may be re- 
.spon.sible in part for some of the changes in com- 
position that were observed. The presence of some 
undcsired ti.ssue seems unavoidable in these frac- 
tionation studies. 

While the azodycprodnccsconsiderablechanges 
in the composition of the liver (8). the tumors 
which developed for 2 to 4 weeks in livers no longer 
subjected to the azo dye had the same compo.sition 
as tumors collected during dye-feeding. Moreover, 
none of the fractions of the tumors collected during 
dye-feeding contained any delectable amount of 
protein-bound aminoazo dye. The.se aspects fur- 
ther empha.size the autonomous nature of the tu- 
mors. 


SUMMARY 

1. The livers and liver tumors of rats fed 4-di- 
methylaminoazobcnzcnc for 4 to ’> months were 
homogenized and .separated by diflcrential cen- 
trifugation into tlie nuclei, large granules, small 
granules, and a sujicrnalant fluid (particles non- 
.scdimcntablc at 1 0,000 X g). The homogenates 
and fractions were analyzed for protein, nucleic 
acids, riboflavin, and protein-bound aminoazo 
dyes. 

2. .\Ithough the total protein contents of the 
livers and tumors were similar, the nuclear frac- 
tion of the tumors contained .72 jicr cent more, and 
the large granules G.*] per cent less, protein than did 
the corresponding fractions of the livers. 

;}. Some dc.sox'j’pentoscnucicic acid was found 
in the large-granule fraction of the livers and in all 
the cyloiilnsmic fractions of the tumors. Histologi- 
cal evi<lcnce is })re.scnlcd that this unusual di.s- 
tribulion of dcsoxypcnta.senucleic acid was largely 
due to fragments of the nuclei of white blood cells 
and necrotic tumor cells. 

4. The nuclear and supernatant fluid fractions 
of (he tumors contained almost twice as much 
pento.senucicic acid, and the large-granule fraction 
only half as much, as did the same fractions of the 
livers. 

,7. 'Die large-granule fraction of the tumors con- 
tained only half as much riboflavin as did the same 
fraction of the livers, but the conceulratiou of the 
vitamin ])er gram of iirolein increased by 38 per 
cent. 

G. No protein-bound dye was delected in any 
of the tumor fractions. The percentage distribu- 
tion of bound dye in the various fractions of the 
livers was constant from 1 week to 4 months. 
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7. While the composition of each fraction of the 
liver was altered by the ingestion of the dye, the 
fractions of the tumors collected either during or 
after feeding of the dye were nearly the same in 
composition. 
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INTRODUCTION 


Nucleic acids are known to occur in both plant 
and animal tissues, where they are thought to 
exist in combination with protein substances 
within the nucleus and in the cytoplasm. Certain 
of these nucleoproteins are thought to take part in 
the processes of cellular reproduction which are so 
important in the uncontrolled growth of malignant 
tissue. The chromosomes themselves seem to be 
largely made up of nucleoproteins, which thus 
become self-duplicating units, as was re-empha- 
sized by jMirskj’’ (14). However, Stedman (20) has 
claimed that the genetic protein is not nuclco- 
protein but a third substance called “chromo- 
somin.” The importance of a more comj)letc 
understanding of the chemistry of the.se com- 
pounds is apparent to all investigators in the fields 
of neoplasia and cellular reproduction. 

Gulland (9) in a recent review has further 
stressed the concept of an autosynthetic molecule 
as a biological unit necessarj' for the reproduction 
of cells. This review also contains a discussion' of 
the relationship of nucleoproteins to this problem 
and of the nature of the nucleic acid to jjrotein 
bond. Our present knowledge of the chemistry and 
cytology of cellular reproduction would indicate 
that the nucleoproteins are extremely active and 
necessary components in the process. 

Many studies have been made on the chemical 
nature of the bond which presumably links the 
nucleic acids with the proteins in the cell. Only a 
few investigations have been designed to deter- 
mine the chemical nature of the recombination 
products formed in vitro by nucleic acids with pro- 
teins such as those with which they might com- 
bine in vivo. At an early period in the investiga- 
tion of nucleic acid chemistr>% Milroy (13) showed 
that nucleic acids may combine with jrrotcins 
in vitro. These combination products were thought 
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to behave like the naturally occurring micleo- 
protcins which were ])repared and studied at that 
time. Hammersten (10) in his classical study of 
thymus nucleic acid in 1924 carried out the first 
attempt to recombine histone and nucleic acid and 
to study the chemical properties of the reformed 
nucleoprotein. Since Hammerstcn's work, little 
interest has ijcen exhibited in extending investiga- 
tions of the chemical nature of such recombina- 
tion products, although such study might lead to 
indirect evidence concerning the linkage between 
nucleic acids anti ])roleins as it exists in the cell. 
The general impression a])pcars to be that this 
nucleic acid-protein bond is not a firm one. This 
is suggested by the case with which it may be 
broken during mani)>ulation incident to the isola- 
tion of nucleoprotein from tissues (17). 

Grecnstcin (4, 5, fi) has carried ovit a series of 
investigations on the clTecl of the addition of pro- 
teins and of various ions on the physical character- 
istics of polymerized desoxjTibonncleic acid. His 
.studies indicate that the nucleic acid interacts 
definitely with several tJ^)es of protein and with 
ba.sic amino acids. According to Grecnstcin. such 
combinations result in marked alteration of 
pliysical ])ropcrtics of the polymerized nucleic acid 
isolated from animal tissues. Similar studies have 
also been reported by Gulland (8). However, no 
chemical data were obtainctl on the combination 
products of these two chemical entities (nucleic 
acid and protein or basic amino acids). 

The ])rc.sent ])aper is concerned with a study of 
certain chemical properties formed by nucleic acids 
and a simple basic protein isolated from normal 
tissues. We liave used the term “basic ])olJ^)ep- 
lidc” for this low molecular weight protein. The 
product, formed by combination of the basic 
])oljTicptide with polymerized desoxyribonucleic 
acid prepared from calf thymus, is compared with 
the corre.sponding product formed with ribo- 
nucleic acid. Definite chemical differences between 
the two nucleic acids have been shown (9), and, 
furthermore, their marked difference in rc.spect to 
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polymerization is recognized ; but these variations 
are not of sufficient degree to explain completely 
the presumed difference in their biological be- 
havior. The approach described in this paper was 
an attempt to determine whether variations in be- 
havior could be observed when the two types of 
nucleic acid were combined in the test tube with 
a basic tissue constituent to form a product similar 
to those which may exist as a nucleoprotein in the 
living cell. 

EXPERIMENTAL 

IMatbrials 

A. Basic polypeptide (BPP). — This seems to be 
a basic low molecular weight protein which is pre- 
pared from fresh calf thymus by the method of 
Bloom et al. (1). The preparation used contained 
13.49 per cent nitrogen. It was utilized in 0.5 per 
cent freshly prepared solutions in distilled water 
unless otherwise stated. 

TABLE 1 

Effect of Mixing BPP and DRNA 


BPP 

DRNA 


(mg.) 

(mg.) 

Precipitate 

1.25 

2.5 

None; viscous 

1.25 

1.25 

Slight 

1.25 

0.675 

Fibrous 

1.25 

0.337 

Fibrous 

1.25 

0.107 

Fibrous 

2.5 

1.25 

Slight 

1.25 

1.25 

Slight 

0.675 

1.25 

None 

0.337 

1.25 

None 

0.167 

1.25 

None 


B. Ribonucleic acid (RNA). — Commercial RNA 
(Schwarz), purified by the method of Kunitz (11), 
was used in 0.5 per cent solutions in distilled water. 
This likewise was prepared just before use. This 
preparation contained 13.30 per cent nitrogen and 
8.01 per cent phosphorus. 

C. Desoxyribonucleic acid (DRNA). — This was 
prepared from the nucleoprotein fraction isolated 
from fresh calf thymus bj’’ the method of Mirsky 
and Pollister (16). The protein was removed by 
chloroform extraction carried out according to 
the directions of McCarty (12). The DRNA con- 
tained 12.68 per cent nitrogen and 6.88 per cent 
phosphorus. Because of the high viscosity of its 
aqueous solutions, DRNA was used in 0.25 per 
cent solution in distilled water. 

Methods 

In general, the method of observation of the re- 
action of BPP with nucleic acids was as follows; 
A solution of BPP was placed in a number of 
centrifuge tubes, and to each was added a solution 
of nucleic acid. The tubes were allowed to stand 
at 2° to 5° C. for 24 hours and then were examined 


for formation of a precipitate. The physical char- 
acter and approximate amount of precipitate was 
recorded. 

If the precipitates were to be analyzed, the 
tubes were centrifuged and the precipitates 
washed twice with distilled water. The entire 
precipitate from each tube was then digested with 
2.5 cc. of 10 N sulfuric acid for at least 2 hours. 
A few drops of 30 per cent hydrogen peroxide were 
then added, and digestion continued for a mini- 
mum of 30 minutes. Each digest was diluted to 
25 cc., and aliquots were take for phosphorus and 
nitrogen analyses. Usually 1-ml. aliquots were used 
for phosphorus determination, which was carried 
out according to Fiske and SubbaRow (3). Ali- 
quots of usually 10 ml. were employed for nitrogen 
analysis by Wagner’s boric acid modification of 
the micro-ICjeldahl procedure (20). 

Since the ratio of nitrogen to phosphorus in 
nucleic acids is a fixed quantity, any increase in 
the ratio found upon analysis of the precipitate 
formed upon interaction of nucleic acid and the 
basic polypeptide would be due to combination 
with protein and, therefore, addition of protein 
nitrogen. Nitrogen to phosphorus ratios were thus 
used throughout the work to characterize the 
synthetic nucleoprotein obtained. 

RESULTS 

Interaction of BPP and DRNA 

A preliminary experiment was performed to de- 
termine the effect of mixing solutions of BPP and 
DRNA. Two series of tubes were set up; in the 
first, varying amounts of DRNA solution were 
added to a given volume of 0.5 per cent BPP. In 
the second the same amount of DRNA was added 
to each tube, but the amounts of BPP used were 
varied. The results may be seen in Table 1. It 
is at once apparent that the weight of BPP present 
must equal or exceed that of DRNA in order for 
precipitation to occur. Analysis of a number of 
precipitates formed by the addition of the same 
amount of DRNA to a given amount of BPP 
showed that they contained the same proportion 
by weight of phosphorus and nitrogen. 

An e.xperiment was then conducted to deter- 
mine whether the nitrogen/phosphorus ratio 
varied when increasing amounts of BPP were used 
with a given quantity of DRNA. The results 
shown in Table 2 indicate that, when more than 
a certain minimum of BPP is present, the nitro- 
gen/phosphorus ratio of the precipitate formed 
remains constant, no matter how the relative con- 
centration of the two materials may vary. This is 
also shown graphically in Fig. 1 from additional 
data. In other words, a stoichiometric relationship 
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exists between the two reactants at these ranges of 
concentration. 

Interaction of BPP and RNA 
A preliminary experiment was performed to 
determine the effect of BPP on RNA, as in the 
case of DRNA. In the first series of tubes the 
amount of BPP was held constant, and the quan- 
tity of RNA varied in each tube. The results are 
shown in Table 3. As observed above with DRNA, 
there must be one part or more of BPP to one of 
RNA for the formation of a precipitate. 

table 2 

Analysis of PaF.ciriTATEs Rf.sulting from 
Mixing BPP and DRNA 


ANALTRIS of THKClPITATf: 


DHNA 

BPP 

BBP/ 

N 

P 


(MO.) 

(sin.) 

DIINA 

(mg.) 

(mg.) 

N/1’ 

3.0i 

1.52 

0.5 

0.3542 

0.1251 

2.83 

4.88 

4.88 

1 0 

1.0408 

0,2814 

3.72 

3.78 

18.90 

5.0 

0.9287 

0.2213 

4 19 

2.95 

29.50 

10 0 

0.7083 

0.1084 

4.21 

3.50 

70.00 

20.0 

0.8225 

0.1483 

5.72 

5.50 

5. SO 

1.0 

1 0350 

0.2802 

3.02 

4.33 

21.05 

5.0 

1.1274 

0.2075 

4 21 

3.24 

32.40 

10.0 

0.0258 

0.1450 

4.32 

3.72 

74.40 

20.0 

0 9571 

0.2307 

4.15 

4.16 

4.15 

1.0 

0.0572 

0.1700 

3 85 

3.18 

15.90 

5.0 

0.7948 

0.1801 

4.41 

3.88 

38.80 

10.0 

0.8382 

0.2144 

3.91 

3 00 

01.20 

20.0 

1.4147 

0.3309 

4.27 


As with DRNA, experiments were conducted to 
ascertain whether or not the nitrogen/phosphorus 
ratio was constant at a given concentration of 
BPP and of RNA and also ^ if the nitrogen/ 
phosphorus ratio varied when the same amount of 
RNA was added to increasing quantities of BPP. 
The results, presented in Table 4, indicate not 
only that the nitrogen/phosphorus ratio varies at 
a given concentration but also that it %'aries widelj- 
as the relative concentrations of BPP and RNA 
change. These findings are shown graphically in 
Fig. 1, which also presents the results obtained 
with DRNA and BPP at the same concentrations. 

DISCUSSION 

The formation of a precipitate when DRNA 
and BPP come into contact maj' be taken as 

TABLE 3 

Effect of Mixing BPP and RNA 


BPP 

RNA 

Precipitate* 

(mg) 

(mg.) 


5.0 

5.0 

Noticeable 

5.0 

10.0 

None 

5.0 

20.0 

None 

5.0 

40.0 

None 

5.0 

5.0 

Noticeable 

10,0 

5.0 

Fair nmonnt 

20.0 

5.0 

Rather largo 

40.0 

5.0 

Tmce 


• AH prccipIlftlcA were pnrliculntc. 


COMPOSITION OF PPT. (N/P RATIO) IN RELATION TO RELATIVE 
AMOUNTS OF BPP AND RNA OR DRNA 
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indication of a physical or chemical reaction. 
'RTien the two reactants are mixed in varying pro- 
portions and any precipitates formed are analyzed 
for nitrogen and phosphorus, the analyses show 
the ratio of nitrogen to phosphorus in the pre- 
cipitates to be constant. This is suggestive evi- 
dence for the stoichiometric combination of the 
reacting substances. 

This should not be surprising, since thymo- 
nucleoproteins have been known as chemical 
entities for some time and samples extracted under 
similar conditions (2, 15) give the same nitrogen/ 
phosphorus ratio, showing that they are repro- 
ducible entities. Studies of the protein-DRNA 
bond in nucleoproteins have indicated that it is of 
the polar variety (14, 18, 19). If this is correct, re- 

TABLE 4 

Analysis of Phecipitates Resulting From 
Mixing BPP and RNA 


ANALVsra op precipitate 


RNA 

BPP 

BPP/ 

N 

P 


(MO.) 

(mg.) 

RNA 

(mg.) 

(mg.) 

N/P 

5.0 

5.0 

I 

1.401 

0.119 

11.77 

6.0 

10.0 

o 

6.894 

0.270 

29.97 

5.0 

20.0 

4 

7.950 

0.283 

28.11 

5.0 

40.0 

8 

0.921 

0.084 

10.96 

5.0 

5.0 

1 

1.464 

0.102 

14.35 

5.0 

10.0 

2 

2.833 

0,262 

10.81 

5.0 

20.0 

4 

8.052 

0.327 

24.62 

5.0 

40.0 

8 

0.230 

0.070 

3.11 

5.0 

5.0 

1 

1.605 

0.105 

15.29 

5.0 

10.0 

2 

7.083 

0.262 

27.03 

5.0 

20.0 

4 

7.982 

0.282 

28.31 

5.0 

40.0 

8 

0.188 

0.070 

2.68 


action between the two components in vitro might 
take place by the same mechanism. The results 
obtained with DRNA and BPP were, therefore, 
not unexpected. It was anticipated that similar 
findings might be obtained when RNA and BPP 
were brought together in solution. As shown in 
Fig. 1, that was not the case. As the reactive mix- 
ture became richer in BPP, an increasing amount 
of BPP was present in the precipitate until finally 
a peak in the nitrogen/phosphorus ratio was 
reached, after which successive additions of BPP 
caused a decrease in the amount of BPP reacting. 
This phenomenon is extremely diflScult to explain. 
The two nucleic acids, RNA and DRNA, differ 
in several respects; pyrimidine bases, carbo- 
hydrate, and size of molecule. However, presum- 
ably only a difference in the phosphate group 
would be significant in this case. Even in Gulland’s 
postulated structure of ENA (7), three of the four 
phosphate groups are comparable to those found 
in the general^ accepted structure of DRNA. Be- 
cause of this similarity in structure of the two 


nucleic acids, one might anticipate the same'tjpe 
of combination with BPP. This, however, is not 
the ease, as is evident from Fig. 1, which shows the 
reactions of the two nucleic acids to differ marked- 

ly- 

While the results are not e.xplicable on the basis 
of our present knowledge of .nucleic acid structure, 
they may lead to a clue to some of the biological 
differences observed in the behavior of the two 
nucleic acids. The stoichiometric combination be- 
tween the nuclear, DRNA, and basic constituent 
would seem likely if these components have genet- 
ic implication, as random combination of the 
substances would not lead to a clear concept of 
autosynthesis or reduplication. 

From this study it would appear that the 
polymerization of the DRNA would be the im- 
portant regulating factor in the nature of the final 
compound. McCarty’s recent work on .the influ- 
ence of the DRNA of bacterial cells on the trans- 
formation of cell t5^es would add further evidence 
on this point, as the DRNA appears to be one of 
the major controlling factors. If, as Stedman (20) 
has suggested, the basic protein is one of the regu- 
lating mechanisms of cellular division, the studj' 
of the basic protein-nucleic acid bond may eluci- 
date certain of the regulatory factors concerned in 
the reproduction of the cell. Studies with other 
basic proteins, polypeptides, and amino acids may’’ 
reveal further evidence which will help in the 
understanding of the nucleic acid-protein struc- 
ture thought to be important. Furthermore, this 
technic may be useful in clarifying the differences 
in chemical behavior of the two nucleic acids, one 
difference having been shown in the manner in 
which they combine with a basic polypeptide iso- 
lated from normal tissue. This combination may 
possibly be similar to that in naturally occurring 
nucleoproteins. 

SUMIVIARY 

A precipitate is formed when solutions of BPP 
are mixed with solutions of RNA or of DRNA. 
These precipitates have been analyzed fqr nitrm 
gen and for phosphorus, and the N/P ratio is 
found to behave characteristically for each of the 
nucleic acids when varying proportions of the 
reactants are employed. With the desoxy type the 
ratio remains fixed, while in the case of the ribose 
form it varies markedly. 

This might suggest that in the cell nucleus, 
only one type of nucleoprotein (deso.xyribonucleic 
acid-hbasic protein) is formed, regardless of the 
relative amounts of nucleic acid and protein 
present. The differences in this nucleoprotein 
would thus appear to depend upon the ty^pe 
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polymer of nucleic acid and not upon the nucleic 
acid-protein bond. On the other hand, the cor- 
responding combination in the cytoplasm might 
give -rise to a series of compounds containing 
differing proportions of the components. 
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INTRODUCTION 

A theory (14, 15) has recently been formulated 
that leukemia and Hodgkin’s disease are the re- 
sult of an imbalance of normal substances which 
stimulate production and maturation of lymphoid 
and myeloid cells. This is based on the extraction 
of seemingly specific lymphoid- and myeloid-stim- 
ulating substances from the urine (12, 13, 14, 16, 
19, 21, 23), feces (19), livers (3), and spleens (3) of 
human subjects with leukemia or Hodgkin’s dis- 
ease and from normal beef liver (20). According to 
this theory, there are two such substances; one, 
“lymphokentric acid,” is responsible for stimulat- 
ing the production of lymphocytes and the matura- 
tion of myelocytes; the other, “myelokentric 
acid,” stimulates the production of myelocytes and 
causes lymphocytes to mature. Miller and Turner 
(14, 15) postulate that leukemia is due to an excess 
of one of these substances, which causes increased 
production of the involved cells without matura- 
tion, as the consequence ot a relative deficiency of 
the other maturating substance. Similarly, Hodg- 
kin’s disease is explained as the result of an excess 
of both substances. The large amount of support- 
ing data would seem to make this a valid explana- 
tion of the intermediate cause of these diseases, 
were it not for the fact that Heinle, Wearn, and 
co-workers (7, 8, 9), the parent-group originating 
this research, have not been able to demonstrate 
the presence of “lymphokentric acid” and have 
failed to show Hodgkin’s disease-like reactions in 
guinea pigs injected with extracts of urine from 
patients with that disease. The hypothesis of Mil- 
ler is untenable if no lymphokentric substance can 
be shown to exist. No independent studies have 
been made which either eonfirm or deny these find- 
ings or resolve the differences of the two respon- 
sible groups. Also, as Furth (4, 5) has pointed out, 
no information exists as to whether these sub- 
stances are merely by-products of the growth of 
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lymphocytic and myelopoietic tissues or are etio- 
logically responsible for the production of the dis- 
eases of these tissues. 

The study reported here was undertaken in an 
attempt to determine the existence or absenee of a 
chemieal lymphocytic stimulator in human lym- 
phomata and to discover whether extracts made ac- 
cording to the directions of Erf, Turner, and Mil- 
ler (3, 20), which supposedly contain a substance 
etiologically responsible for leukemia, would cause 
this disease in susceptible laboratory animals. 

EXPERIMENTAL STUDIES 

Extracts were made from the livers and spleens 
of 11 patients who died of various lymphomata. 
These organs of 1 patient with erythroblastic 
anemia and 1 patient with sympathoblastoma were 
extracted to use as controls. The methods used 
were those of Miller and his collaborators (3, 20), 
with little modification.* Extraction was carried to 

' Method I . — The organs were ground and air-dried. They 
were then thoroughly extracted with 95 per cent ethanol in 
a Soxhlet apparatus. The ethanol extract was then saponi- 
fied by refluxing for 4 hours with an equal volume of 2 iV NaOH 
or KOH in ethanol. The solution was then diluted with water 
and thoroughly washed with petroleum ether (b.p. 30° to 
60° C.) and the ether phase discarded. It was then acidified 
with concentrated HCl and extracted with petroleum ether. 
The ether was removed by distillation and the residue dissolved 
in six times its volume of acetone and cooled to —15° C. It was 
then filtered and the precipitate discarded. The acetone was 
removed by distillation and the residue further concentrated 
in vacuo. The end-product was a brown oil. 

Method II . — ^This modification was used in order that the 
destruction of any biologically active substance might be 
minimized. The method was identical with Method I e.vccpt 
that saponification was performed at room temperature for 
1 hour rather than by reflaxing for 4 hours. The end-product 
was a brown oil. 

Method III . — The organs were ground and then mixed 
with five times their weight of methanol. The mixture was 
acidified to Congo red and allowed to stand for 3 days. It was 
then filtered and the residue discarded. The methanol solution 
was partially concentrated in vacuo, diluted with water, and 
extracted with petroleum ether. The ether phase was wash^ 
first with water and then 2 N NaOH. The ether phase was dis- 
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the point where this group was first able to show 
strong lymphocytic-stimulating activity in urinarj’- 
extracts (19). The assays of these materials did 
not warrant further extraction and purification. 
The pertinent data concerning these extracts are 
summarized in Table 1. 

The extracts were tested for biological activitj' 
by the method of Erf, Turner, and hliller (3). 
Thirty-seven guinea pigs, averaging 400 gm. in 
weight, were injected subcutaneously with a single 
dose of 0.8 to C.3 ml. of the extracts, representing 
from 135 to 310 gm. of unextracted organ. Except 
where the yield was low or the toxicity of the ex- 
tract high, the dose was equivalent to 250 gm. of 
whole liver or spleen, hlost of the extracts elicited 


made of the liver, spleen, lymph nodes, thymus, 
lungs, adrenal gland, kindeys, and bone marrow of 
all animals and stained with hematoxjdin and eosin 
and Wright’s stain. 

Histologically, using the guinea pigs injected 
with mineral oil as the most comparable controls, 
no evidence of definite specific lymphocytic stimu- 
lation could be found. Without these animals for 
comparison, the animals injected with the extracts 
showed slight activity by the criteria of Erf, Tur- 
ner, and Miller (3). This evaluation is summarized 
in Table 2, along with the doses and organ equiva- 
lents of the extracts. The lungs were found to be of 
no value in this assay, since the majority of the 
guinea pigs, regardless of previous treatment. 


TABLE 1 

The Sources and Yields of the Extracted Material 


Extract 

no. Patliologicnl diagnosis 

1 Aleukemic lymplmtic leukemia 

2 Hodgkin’s disease 

3 Clironic lymphatic leukemia 

4 Acute stem-cell leukemia 

5 Lymphosarcoma 

G Polycythemia rubra vera terminating 

in lymphatic leukemia 

7 Chronic lymphatic leukemia 

8 Lymphosarcoma 

0 Lymphoblastic leukemia 

10 Stem-cell leukemia 

11 Lymphosarcoma 

12 Erythroblastic (Cooley'.s) anemia 

13 Sympathicoblastoma 

* See n. 1, p. 109, 

a severe local foreign-body reaction but did not 
prove particular!}’’ toxic. Only extract G from the 
liver of the patient with polycythemia rubra vera 
and lymphatic leukemia killed any of the guinea 
pigs. The remainder of the animals were sacrificed 
28 to 32 days following the injection and did not 
appear ill at that time. Because all the extracts ap- 
peared to be irritant oils, 9 guinea pigs were given 
comparable-sized subcutaneous injections of light 
mineral oil. Four untreated guinea pigs were killed, 
and their organs, along with those of many other 
guinea pigs used for other purposes in the labora- 
tory, were used as further controls. Sections were 


carded. The alkaline solution was then acidified and extracted 
with petroleum ether. The ether was evaporated in raciio; the 
residue was dissolved in acetone and cooled to —15° C. It was 
then filtered and the precipitate discarded. The acetone was 
removed by distillation, and tbe material was furtber concen- 
trated in raciio. The end-produet was a brown oil. 


Extraction 


Wet weight 

Extrnet yield 

mctliod* 

Orpnn 

(BDI.) 

(ml.) 

1 

Liver 

2830 

56.0 


Spleen 

025 

4.0 

1 

Liver 

3400 

51.0 


Spleen 

1450 

4.0 

II 

Liver 

3210 

24.7 


Spleen 

2490 

26.9 

I 

Spleen 

205 

3.9 

II 

Liver 

2020 

45.2 

II 

Spleen 

710 

1.5 

II 

Liver 

2580 

34.3 


Spleen 

590 

3.5 

I 

Liver 

1850 

18.6 


Spleen 

150 

2.0 

I 

Liver 

1805 

23.0 

III 

Liver 

705 

0.3 

III 

Liver 

2400 

1.8 


Spleen 

620 

0.1 

III 

Liver 

1C30 

2.9 

I 

Liver 

2550 

23.0 

III 

Liver 

2900 

0.1 


Spleen 

210 

0.1 


showed large nodular infiltrates of mature and im- 
mature lymphocytes around the pulmonary blood 
vessels. Many untreated animals showed even 
more extensive infiltrates than did the treated 
ones. Lymphocytic infiltrates in tlie liver were 
larger and more numerous in the animals receiving 
the extracts than in the untreated animals, but 
they were only slightly larger than those in the 
livers of the guinea pigs receiving mineral oil. The 
infiltrates consisted predominantly of mature 
small lymphocytes, regardless of the original 
source of the extract. The extract from the case of 
Hodgkin’s disease did not cause a Hodgkin’s dis- 
ease-like infiltrate. The largest lymphocytic in- 
filtrates were present in the kidneys. The most ex- 
tensive of these infiltrates in this organ were found 
in the guinea pigs injected with mineral oil. No 
foci of immature lymphocytes were found. Mega- 
karyocytes were not seen in the spleens of the un- 
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treated animals but were found in the animals in- 
jected with mineral oil or the extracts. They were 
most numerous with the latter treatment. The 
splenic lymphoid follicles were hyperplastic in all 
the animals. In the animals injected with the ex- 
tracts these follicles did not exceed in size, number, 
or mitotic activity those of the animals with min- 
eral oil. The lymph nodes were also hyperplastic 
in all the animals. In general, the adrenal glands 
showed little change: Rare foci of extra-medullary 
myelopoiesis and perivascular lymphocytes were 
seen in them. There were no changes in the thymus 
glands or the bone marrow. 

Since animals susceptible to lymphatic leukemia 
might be more sensitive to a stimulator of lympho- 
cytes, these extracts were also injected into strain 
Ak mice.^ For this purpose 24 mice were used. 


stimulator which these extracts are said to contain 
is leukemogenic, 100 strain Ak mice were injected 
with these extracts as a preliminary experiment. 
The mice averaged 2 months of age at the time of 
injection. Although some of the material oozed 
from the injection site when doses greater than 0.5 
ml. were given, autopsy of mice dying shortly after 
injection showed the brown oil present throughout 
the connective tissue of the back or, in some in- 
stances, localized in foreign-body granulomas. 
Sloughs were not commonly obtained, but in no in- 
stance where the mice survived longer than 180 
days was oil actually demonstrated in the fibrous 
tissue at the original site of injection. Because of 
the acute toxicity of these extracts for mice and the 
fighting habit of this strain, only 47 of the injected 
mice survived longer than 180 days. In this experi- 


TABLE 2 

Bioassay of Activity of the Extracts 





Dosaye 

Organ 



No. oI cases 

No. of animals 

range 

equivalent 

Grade of 

Source of extract 

exlracked 

used in assay 

(ml.) 

(gm.) 

reaction* 

Lymphatic leukemia 

3 

IS guinea pigs 

1.5 -3.8 

150-275 

2-3 



14 Ak mice 

0.06-0.5 

14- 32 

0 

Lymphosarcoma 

2 

8 guinea pigs 

3.3 -6.3 

260-280 

2-3 



6 Ak mice 

0.16-3.1 

11-189 

0 

Stem-cell leukemia 

1 

4 Ak mice 

0.25-0.6 

13- 26 

0 

Hodgkin’s disease 

1 

4 guinea pigs 

0.8 -4.1 

270-290 

1-2 



5 Ak mice 

0.04-0.2 

13- 14.5 

0 

Polycythemia rubra vera -with 

1 

6 guinea pigs 

1.8 -3.6 

135-370 

0-1 

lymphatic leukemia 


4 Ak mice 

0.09-0.25 

13- 42 

0 

Cooley’s anemia 

1 

4 guinea pigs 

2.8 

310 

2 



1 Ak mouse 

0.25 

28 

0 

Mineral oil 


9 guinea pigs 

0.5 -4.0 


2-3 

Controls 


4 guinea pigs 

Untreated 


0-1 



20 Ak mice 

Untreated 


0 


* Degree of hyperplasia and cellular infiltration of the organs of the injected animals was graded according to the methods of Erf, ^ 
Turner, and Miller (3): 0=do reaction, i minimal reaction, 2=moderote reaction, 5=sjimximal reaction. 


along with 10 additional mice that died during the 
first several weeks following the injection of the 
extracts, to observe chronic effects. The mice were 
sacrificed 29 to 39 days after injection and studied 
histologically for any evidence of leukeraoid 
change or lymphocytic infiltrates. Twenty mice 
were used as uninjected controls. In spite of the 
fact that these mice received, on the basis of body- 
weight, about two to three times the dose of ex- 
tract that the guinea pigs received, none of the or- 
gans of these animals injected with any of the ex- 
tracts showed any lymphocytic infiltrates in ex- 
cess of the minute foci normally seen in these ani- 
mals (see Table 2). 

In order to determine whether or not these ex- 
tracts might contain any leukemogenic substances 
or, on the other hand, whether the lymphocytic 

- The original stock of- our colony -was obtained from Dr. 
Jacob Purlb. Inbreeding bas been strictly maintained in the 
ensuing 3 years. 


ment 87 mice were adequately autopsied at death, 
and the cause of death was determined. No mouse 
with or without the injection died of leukemia be- 
fore 180 days. For this reason, only mice living 180 
days or more are included in Table 3, which sum- 
marizes the data obtained in this experiment. The 
average age at time of death from leukemia in the 
injected mice was 270 days for the females and 300 
for the males. The ages for both sexes ranged from 
192 to 418 days. The average age at death from 
leukemia in the 86 control mice was 286 days for 
females and 322 for males. The ages ranged for 
both sexes from 192 to 580 days. While the number 
of mice used in this experiment is too small for 
statistical significance, the similarity between the 
ages at death from leukemia, the ranges of the 
ages, and the total incidence of leukemia in the two 
groups when sex is disregarded indicates that the 
injection of these extracts had no effect upon the 
incidence of leukemia or the leukemic disease of 
these mice. 
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COMMENT 

In these experiments no specific stimulatory ef- 
fect upon the lymphatic system of guinea pigs or 
mice was found in hepatic or splenic extracts from 
cases of human lymphomata. Injection of these ex- 
tracts produced in guinea pigs lymphocjdic infil- 
trates whieh appeared comparable to those illus- 
trated in the published reports (3, 14) on this sub- 
ject; but bland mineral oil and the extract from the 
case of erythroblastic anemia also produced such 
infiltrates (Figs. 1 to 6). llTiile such infiltrates are 
not commonly found in healthy young guinea pigs, 
they are caused by a wide variety of nonspecific 
stimuli, such as mild indigenous laboratorj'’ infec- 


changed histologically by the injected material. 
These observations appear to indicate that these 
extracts did not contain leukemogens, since such 
substances decrease the latent period and usually 
increase the incidence of the disease (1, 2, 10, 17). 
No local tumors were found at the site of injec- 
tion, but this could not be expected, since none of 
the injected material was found there after 180 
days (18). 

SUMMARY 

Extracts of the livers and spleen of 8 patients 
dying from various lymphomata and 1 patient dy- 
ing from erythroblastic anemia w'ere tested for 
lymphocytic stimulation in guinea pigs and in 


TABLE 3 


The Eitect of Organ Extracts on Spontaneous Leukemia in Ak Mice 








Mice living 

No. d.ving 

Av. age at 

Incidence 

Extract 



Dose 

Organ equiv. 


over 180 

from len- 

death from 

Range 

of leu- 

no. 

Source of extract 

Organ 

(ml.) 

(gm.) 

Sex 

da.vs 

Iccmi.n 

leukemia 

(da.v<i) 

kemia* 

2 

Hodgkin’s disease 

Liver 

0.2 

13 

F 

3 

2 

294 

277-310 

3' 





M 

2 

1 

238 


X 



Spleen 

0.5 

181 

F 

3 

1 

282 


! 

3 

3 

Lymphatic leukemia 

Liver 

0.25 

32 

F 

6 

4 

284 

233-310 

4 

6 





M 

2 

0 





Spleen 

0.25 

23 

F 

2 

1 

242 


1 

4 

Stem-cell leukemia 

Spleen 

0.25 

13 

F 

5 

5 

282 

238-376 

ft 

5 

LjTnphosarcoma 

Liver 

0.25 

11 

F 

4 

3 

288 

192-330 

:< 

4 


Spleen 

0.03 

5 

M 

1 

1 

277 


1 

6 

Polycythemia vera and lum- 










phatic leukemia 

Spleen 

0 25 

42 

F 

3 

3 

255 

220-322 

a 

» 

7 

Lymphatic leukemia 

Liver 

0.25 

18 

M 

8 

7 

307 

252-418 

V 

8 

Lymphosarcoma 

Liver 

0.20 

20 

M 

8 

5 

306 

239-361 

a 


Totals 




F 

26 

19 

270 

192-376 

.1 ^ 






M 

21 

14 

300 

238-418 



Controls (uninjccted) 




F 

53 

44 

286 

192-580 

it' 





M 

33 

15 

322 

219-428 

h} 


* Tiic numerator indicates ilic number of mice dying of leukemia and the denominator tbc number living more than 180 days. 


tions and injections with foreign substances. The 
lymphocytic foci found in strain Ak mice injected 
with the extracts did not exceed those seen in the 
normal controls, indicating for this species a lack 
of specific or nonspecific effect of these extracts. 
Only recently. Miller (11) has stated that his 
lymphocytic-stimulating material has never given 
so strong a reaction as has the myelogenous mate- 
rial. Heinle (6) has stated that re-examination of 
the material on the basis of which Wearn, Miller, 
and Heinle (23) first reported a specific lymphatic- 
stimulating factor has left him unconvinced that 
any significant lymphoid hyperplasia occurred. 

These extracts did not hasten the onset of leu- 
kemia in the strain Ak mice. Although too few 
mice were used for statistical accuracy, the inci- 
dence of this disease in these animals does not ap- 
pear to have been changed by the injections. AVhen 
the sex of the mice is disregarded, about 70 per 
eent of the injected and control groups developed 
the disease. The eharacter of the leukemia was not 


strain Ak mice. No specific lymphoid or Hodgkin’s 
disease-like reactions were demonstrated. Non- 
specific reactions in the guinea pigs, similar to 
those previouslj' reported, were found with the ex- 
tracts from the lymphomatous cases, with the ex- 
tract from erythroblastic anemia, and with com- 
mercial mineral oil. No lymphocytic reactions were 
found in the strain Ak mice, and the incidence of 
and time of death from leukemia in this strain 
were not apparently affected, although the number 
of animals used in this experiment was small. 
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Figs. 1 to 6. — Photomicrographs and sections made by 
Charles Blinn, technician. University of Chicago. Sections 
stained with hematoxylin and eosin. Magnification is approxi- 
mately X600. 

Fio. 1. — Infiltrate in liver of guinea pig killed 30 days after 
injection of 2.8 ml. of hepatic extract from case of erythro- 
blastic anemia. 

Fig. 2. — Infiltrate in kidney of same animal. 

Fig. 3. — Infiltrate in liver of guinea pig killed 30 days after 


injection of 4.1 ml. of hepatic extract from case of Hodgkin’s 
disease. 

Fig. 4. — ^Infiltrate in kidney of guinea pig killed 80 day’s 
after injection of 3.8 ml. of hepatic extract from case of lym- 
phatic leukemia. 

Fig. 5. — Infiltrate in liver of guinea pig killed 28 days after 
injection of 1.0 ml. of commercial mineral oil. 

Fig. C. — Infiltrate in kidney of same animal. 




The Influence of Normal and Cancer Blood on 
Tyrosinase Activity in vitro* 

Walter Marx! 

{From the William G. Kcrclchof Laboratories of the Biological Sciences, California Institute of Technology, Pasadena, 
and the Emery Tumor Clinic, Los Angeles, California) 


Hirshfeld et al. reported that a factor in the 
blood serum of cancer patients inhibited the 
aerobic oxidation of tyrosine by crude potato 
tyrosinase (1). It was suggested that this inhibi- 
tion of the enzyme tyrosinase might form the basis 
for a serological test for the diagnosis of cancer. 
The present report deals with an attempt to con- 
firm these findings and to improve the reliability of 
the method. 

BLOOD SAaiPLES 

Both human blood and rabbits’ blood were used. 
Many different types of human cancer were ex- 
amined (Table 1). The data reported include 130 

TABLE 1 

Summary of Malignant Tumor Cases 
Used for Blood Samples 


Origin of tumor 

No. of cases 

Sex organs 

52 

Epithelium 

18 

Respiratory system 

IS 

Gastrointestinal tract 

12 

Skeletal and hematopoietic system 

11 

Miscellaneous 

22 

Total 

130 


cases in which malignancy was demonstrated by 
pathological examination of biopsy or post mortem 
material and which had had neither surgery nor 
radiation prior to the withdrawal of the blood 
sample. 1 The normal human blood samples were 
obtained from 209 adults of both sexes, from 
healthy individuals as well as from patients hav- 
ing various diseases but no known malignancy. 
The rabbits’ cancer blood was derived from ani- 

* Supported by a grant from the Emery Cancer Research 
Fund. 

t Present address : Department of Biochemistry and 
Nutrition, University of Southern California, Los Angeles 7, 
California. 

' The caneer blood samples were obtained from the clinics 
of the Emery Tumor Group and the Cedars of Lebanon Hos- 
pital; most of the normal blood samples were donated by the 
staff of the Emery Tumor Clinic. I am very much obliged to 
Doctors C. K. Emery, S. Hirshfeld, and R. D. Chier and to 
the staff of the Emery Tumor Clinic for their co-operation. 


mals having an experimentally transplanted 
malignant growth, either a Brown-Pearce (2) or a 
V-2 tumor (3);- 13 rabbits’ cancer blood samples 
and 21 normals were tested. 

EXPERIMENTS USING HffiSHFELD’S 
TECHNIC 

A number of normal and cancer blood samples 
was examined, following Hirshfeld’s procedure (l) 
as closely as possible. The rate of the oxidation was 
followed colorimetrically, and the color increment 



Fig. 1. — ^Effects of normal and cancer serum on tyrosinase 
activity. E.xperimental conditions as described by Hirshfeld 
el al. (1). JVo, normal serum. Ca, cancer serum. Co, control 
(no serum) . 

(7) observed after periods of 15 or 30 minutes was 
used as a measure of the rate of the reaction. The 
degree of inhibition was expressed, as a matter of 
convenience, by means of (/noi ~ jfca)> the differ- 
ence between the rates of normal and cancer 
blood samples. 

* I am much indebted to Dr. John G. Kidd, of Cornell Uni- 
vereit 3 % and to the National Cancer Institute for the .animals 
carrj'ing the tumors, and to Dr. A- L. Cohen, of this Depart- 
ment, for several tumor transpIanUitions. 
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The results of a single test in which a normal 
and a cancer blood sample were compared, are 
illustrated in Fig. 1. In this particular experiment 
a relatively slight, but definite, inhibition was ob- 
served, in agreement with Hirshfeld’s observa- 
tions. When the whole series of experiments was 
considered, however, the phenomenon was not 
consistently demonstrable (Table 2). Two further 
series of tests were made under identical condi- 
tions, except that the rate of oxidation was fol- 
lowed for only 15 minutes. Human serum was 
used in the second series and rabbits’ serum in the 
third. Table 3 summarizes the results of all three 
groups of experiments. 

TABLE 2 

Effect of Human Normal and Cancer 
Serum on Tyrosinase Acrmry* 

Rate (color iNcHEiiENT Difference in 


IN 30 : 

minutes) 

HATES 

Jnor 

Jca 

iNor— Ic. 

32.5 

rsG.o 

128.5 

6.5 

4.0 

42.5 

42.0 

0.5 

38.5 

37.0 

1.5 

31.7 

32.4 

- 0.7 

35.0 

31.4 

3.0 

32.0 

31.0 

1.0 

41.1 

40.5 

0.6 

41.0 

44.0 

- 3.0 

42.2 

41.4 

0.8 

12.0 

fl5 0 

110.0 

- 3.0 

2 0 

45,8 

37.2 

8.6 

25.6 

ri8.o 

\18.0 

7.0 

7.0 

50.0 

/4e.o 

\47.0 

4.0 

3.0 

43.0 

27.5 

15.5 

30.0 

24.0 

6.0 

20.0 

20.0 

0.0 

67.0 

159.0 

153. 0 

8.0 

14.0 

7.0 

8.0 

- 1.0 


Mean difference 3.7 + 0 9 


_ • Experimental conditions essentially as de- 
scribed by Hirshfeld ct o/. (1). 

The average values of (Inof — Ica) indicate that 
tyrosine usually was oxidized at a slightly slower 
rate in the presence of cancer serum, but only in 
the first series was the mean difference statistically 
significant (P < 0.01). In many individual tests, 
however, the inhibition was found to be either very 
small or entirely lacking. In some cases the cancer 
serum even caused stimulation instead of inhibi- 
tion. It is obvious that, under these experimental 
conditions, the variations were too great and the 
effects too small to permit use of the tyrosinase 
system for a clinical test. The results indicated a 
slight trend, however, which could be interpreted 
as being due to a real phenomenon, perhaps ob- 
scured bj' interfering factors of unknown nature. 


Experimental conditions were varied, therefore, 
in an attempt to obtain more consistent results. 
The variations concerned: (1) the physical condi- 
tions, such as temperature, light, shaking, etc.; (2) 
the enzyme preparation; (3) the substrate; (4) the 
reaction medium (buffers, inorganic ions); and 
(5) the blood sample. Each set of experimental 
conditions was tested in a separate series of 
experiments. 

PHYSICAL MODIFICATIONS OF 
THE PROCEDURE 

Warburg manometer . — Attempts at following 
the rate of the reaction with a Warburg manom- 
eter failed, since the oxygen uptake of the 
enzyme blank (crude potato juice alone) was rela- 
tively much too great, in contradistinction to 
earlier findings (4). 

TABLE 3 

Effect of Normal and Cancer Serum on 
Tyuosinase Acthtty* 



Dota- 






tion or 



Mean diffehence 


Species or 

EXPERl- 



IN HATES 


SERUM 

ilEKT 

NuMDER or SAMPLES 

(7no— Ic) and 


SAMPLE 

(mw.) 

Normal 

Cancer 

STANDAHD ERHOB 

P 

Human 

30 

19 

23 

3. 7+0. 9 

<0.01 

Human 

15 

10 

9 

5.0±3.0 

0.1 

Rabbit 

15 

13 

12 . 

0.3±1.4 

0.8 


* Experimentnl condilions essentially as described by Hirsbfeld 
et al. (1). 

Lighting conditions . — Comparisons were made 
of the effects of different lighting conditions, using 
fluorescent light as previously described (I), incan- 
descent light, and no special light at all. No effect 
was demonstrable, as far as the distinction be- 
tween normal and cancer serum was concerned. 
No artificial light was used, therefore, in later 
series of experiments. 

Temperature . — ^The test tubes containing the 
reaction mixture were, at first, kept in a water 
bath at room temperature (without thermostat). 
The changes occurring during the period of a single 
test (15 or 30 minutes) remained within 0.2° to 
0.5° C. These variations did not influence the re- 
sults appreciably, especially since the emphasis 
was placed on a comparison of normal and cancer 
blood samples tested simultaneously. In later 
series, tests were run without a water bath, with- 
out any apparent disturbing effects. 

Shaking . — It was considered important to stir 
or shake the reaction mixtures. After several at- 
tempts with mechanical shaking devices which 
proved unsatisfactorj% the samples were mixed be- 
fore each colorimeter reading bj^ vertical stirring 
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with a glass rod provided with a bead at the lower 
end. 

Incubation ■period. — In a series of experiments, 
enzyme solution and serum were incubated for 
periods of 1 to 8 minutes before the substrate was 
added. Although, at first, such incubation ap- 
peared to increase in some instances the difference 
between rates of normal and cancer samples, 
further results were disappointing, and the incuba- 
tion technic was abandoned. 

MODIFICATIONS CONCERNING THE 
ENZYME PREPARATION 

Whole potato juice. — ^It was soon realized that 
the enzyme preparation described by Hirshfeld 
and co-workers was highly unstable, especially 
when exposed to air. With a fresh enzyme solution 
prepared as quickly as possible, tyrosine was 
usually oxidized at an almost constant rate during 


highly unstable. It was to be expected that, by 
means of purification of the enzyme, the inter- 
fering substance (or substances) would be removed 
and a preparation of greater stability obtained. 
Furthermore, various investigators emphasized 
that much purer, more stable, and more active 
preparations of the enzyme tyrosinase could be ob- 
tained from mushrooms than from potatoes (5, G). 

A white cultivated variety of the common 
mushroom, Agaricus campestris (7), was therefore 
used as starting -material; the enzyme was pre- 
cipitated by approximately 4 volumes of acetone 
at 2° to 4° C., and the precipitate redissolved in a 
small volume of saline or water. The solution of the 
partially purified mushroom enzyme was yellow 
or grayish brown, and hardly any darkening was 
observed during anaerobic storage at 2° to 4° C. 
The kinetics showed, in agreement with earlier 
findings (5), an induction period of about 5 to 15 


TABLE 4 

Effect of Human Nohmal and Cancer Blood on Tyrosinase Activity 
(Partially Pimfied Enzyme Preparations) 

Mean diffebes'ce 

IK RATES 



Blood 

E.xzrME 

Acti- 


Number 

op SAMPLES 

(lNor“lc.) AND 


Group 

SAMPLE 

PREPARATION 

vator 

Bopper 

Normal 

Cancer 

STANDARD ERROR 

P 

1 

Plasma 

Mushroom 

— 

Phosphate 

9 

9 

-0.4 + 1. 4 

0.8 

2 

Plasma 

Potato 

— 

Veronal 

18 

20 

2. 2 + 0. 8 

0.01 

3 

Serum 

Potato 

— 

Veronal 

12 

16 

0.6±1.0 

0.6 

4 

Plasma 

Potato 

+ 

Phosphate 

12 

13 

O.Sil.l 

0.8 

5 

Plasma 

Potato 

+ 

Veronal 

21 

28 

2. 6+0. 9 

<0.01 

6 

Serum 

Potato 

+ 

Veronal 

10 

14 

0.6±1.1 

0.6 

7 

Filtrate, CCbCOjH 

Potato* 


Phosphate 

23 

22 

1.7±0.8 

0.0.'! 


precipitation 


* In a part of this aeries, a lyophilized preparation of whole potato juice was used. 


the initial 30 minutes of the test. But when the 
preparation of the enzyme took a little more time 
or when the enzyme solution was exposed to air 
for a few minutes before it was used, an induction 
period was always observed. 

It is evident that this lack of stability of the 
enzyme preparation was one of the factors re- 
sponsible for the great variability of the results. 
Another cause was the fact that a new potato had 
to be used daily as starting material for the 
enzyme preparation and that enzyme preparations 
made from different potatoes varied greatly in 
their activities and kinetic characteristics, even if 
the same variety of potatoes was used. 

Partially purified ■mushroom enzyme. — Obvious- 
ly, in order to obtain uniform results, a more stable 
enzyme preparation had to be used. The possibil- 
ity was considered that the observed variability 
of the enzj>-me kinetics was caused by another 
component (or other components) of the potato 
juice which influenced the enzymatic tyrosine oxi- 
dation and which, at the same time, was itself 


minutes’ duration, followed by an appro.ximately 
constant rate for at least 45 minutes. The enzyme 
activity per milligram of solids and the stability of 
the mushroom preparations were much greater 
than those of the crude potato enzyme. The 
presence of serum or plasma modified the kinetics 
of the partially purified enzyme appreciably. The 
induction period was usually obliterated, and an 
initial stimulation was observed instead. 

A number of tests was made, comparing normal 
and cancer serum and using partially purified 
mushroom enzyme. In some of the tests plasma 
was used instead of serum; otherwise conditions 
were essentially as described above. The results 
are shown in Table 4, group 1. No significant dif- 
ference was demonstrable between normal and 
cancer blood. In spite of the fact that a purer 
enzyme preparation with far greater activity and 
stability was used, the slight trend which had been 
observed for the difference between normal and 
cancer serum in the first series of experiments 
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using crude potato' juice, was completely obliter- 
ated under these conditions. 

Partially purified potato enzyme . — Since with 
crude potato juice enzyme at least a trend had 
been noted, it was decided to make partial^ puri- 
fied enzyme preparations from potatoes and 
examine their properties regarding a distinction 
between normal and cancer blood. Potato juice 
was prepared as described (1); the enzyme was 
precipitated by 4 to 4.5 volumes of acetone at 
2° to 4° C., and the precipitate was redissolved in 
a small volume of distilled water or saline. The 
color of a fresh solution of partially purified potato 
enzyme was light brown and darkened onlj^ slight- 
ly during anaerobic storage. The kinetics were 
similar to those of the partially purified mushroom 
enzj''me; upon exposure to air, however, darkening 
occurred somewhat more rapidly than in the case 
of the latter. The activity was greater than that 
of the crude potato enzyme but not as great as 
that of the partially purified mushroom prepara- 
tion. The presence of normal serum or plasma 
modified the kinetics, eliminating the induction 
period and causing an initial stimulation instead, 
as was the case with partially purified mushroom 
enzyme. 

Two series of experiments were made with 
partially purified potato enzyme, one using 
serum, another using plasma; except for the 
enzyme preparation, experimental conditions were 
essentially as described above. In the series with 
plasma (Table 4, group 2), the mean difference 
(^Not — /ca) was statistically significant, but its 
value was small (8 per cent of the mean rate for 
normal plasma). In a number of individual cases 
of this group, however, no inhibition — in several 
instances, even a stimulation — was found as an 
effect of the cancer blood. With serum (Table 4, 
group 3) no significant difference was observed 
between normal and cancer samples. 

•Activator from potato juice . — At this point the 
following working hypothesis was taken into con- 
sideration. It w'as postulated that, during purifica- 
tion of the enzyme, a substance was removed 
which was necessary for the inhibition by cancer 
serum, as observed in some of the experiments 
using fresh whole potato juice. It was further as- 
sumed that this substance, which was designated 
^ activator,” was unstable in the crude potato 
]uice but stable after separation from the en- 
zyme (s). On the chance that the activator was not 
a protein, it wms decided to attempt separation 
of the activator from the enzyme, to keep both 
stored separately, and to recombine them only at 
onset of the test. 

For this purpose, potato juice was prepared and 


the enzyme precipitated with acetone as described 
above. The supernatant acetone extract was con- 
centrated in vacuo under No, until free from ace- 
tone (water-bath temperature gradually raised to 
65° C.). The aqueous residue contained a yellow 
pigment which had precipitated during the con- 
centration. and which gave the solution a greenish- 
yellow' tinge; it was not further examined regard- 
ing its chemical properties. After separation from 
the enzyme, the activator W'as found to be stable 
for many weeks -when stored in the cold; thus it 
was no'w possible to prepare and store stable stock 
solutions of both activator and enzyme which. 



Fig. 2. — Effects of acetone extract of potato (“activator”) 
on the activity of partially puriBed potato tyrosinase. A, 0.05 
ml. of acetone extract. B, 0.02 ml. of acetone extract. C, no 
acetone extract. All three samples contained partially purified 
potato enzyme, tyrosine, and buffer. 

when mixed in certain proportions, gave rise to 
well-defined and easily reproducible kinetic char- 
acteristics. 

Graded amounts of the activator were added to 
a constant quantity of a partially purified potato- 
enzyme preparation. The results, shown in Fig. 2, 
indicate that the activator, depending on its con- 
centration, either decreased or completely elimi- 
nated the induction period of the tyrosine oxida- 
tion. 

In the following experiments a system was em- 
ployed consisting of buffer, tyrosine, activator, 
serum or plasma, and enzyme. In order to deter- 
mine optimum conditions for the distinction be- 
tween normal and cancer blood, preliminary 
tests were made in which the activator concentra- 
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tions were varied, with the other components con- 
stant. The optimum concentration of activator 
was assumed to be that which just eliminated the 
induction period in the control sample. 

A number of blood samples was e.vamined under 
these conditions. The optimum concentrations of 
enzyme and activator were determined daily in 
preliminary control tests. Otherwise, conditions 
were essentially as described above. The results 
(shown in Table 4, groups 4 to 6) led to the follow- 
ing conclusions; (1) Any given single experiment 
may or may not show a difference between normal 
and cancer blood samples. (2) In the series in 
which plasma and veronal buffer were used 
(group 5), the average difference between normal 
and cancer samples was small (11 per cent of the 
mean rate for normal plasma) but statistically 
significant; in a number of individual experiments 
of this group, however, cancer plasma failed to 
inhibit the reaction, as compared to normal 
plasma. (3) In the other two series the mean dif- 
ference (/Nor ~ /ca) was not statistically sig- 
nificant. 

Further purified potato enzyme . — For a further 
purification of the enzyme, potato juice was frac- 
tionated with acetone and the precipitate, ob- 
tained between 33 and 60 volume per cent of 
acetone, was further purified by ammonium 
sulfate fractionation; the precipitate collected be- 
tween 0.4 and 0.7 saturated ammonium sulfate 
was dialyzed, and the undialyzable fraction was 
centrifuged. The supernatant fluid contained a 
more highly purified enzyme preparation, was 
lighter yellow in color, and did not darken ap- 
preciably during storage. 

A number of blood tests was made, using this 
purer tyrosinase preparation and activator (7 nor- 
mal and 7 cancer samples). The results were not 
more consistent than they had been in previous 
groups. The mean value for (/Not ~ /ca) was found 
to be 1.6 ± 1.2 (P = 0.2; statistically not sig- 
nificant). Obviously, under these conditions the 
tyrosinase system was not suitable for a clinical 
test to distinguish between normal and cancer 
blood, in spite of the fact that the enzyme prepara- 
tions used were more stable and better defined 
than in former experiments. 

. MODIFICATION CONCERNING 
THE SUBSTRATE 

The substrate concentration was varied be- 
tween approximately J//1000 and J//5000; the 
lower concentration appeared preferable for a dis- 
tinction between normal and cancer samples. The 
results of experiments using tyrosine as substrate 
were, as a whole, disappointing. 


The possibility was considered that the kinetics 
of the oxidation of the phenol group of the tyrosine 
molecule were complicated by the amino group 
and that perhaps the presence of the latter con- 
tributed to the variability of the results. Further 
tests, therefore, were made using N-free sub- 
strates — in particular, phenol and p-cresol. In 
these experiments both crude potato juice and 
partially purified mushroom enzyme were used. 

In the absence of serum an induction period was 
always observed with phenol and p-cresol as sub- 
strate. The oxidation of the former was somewhat 
more rapid, that of p-cresol very much faster, than 
that of tyrosine, in agreement with reports in the 
literature (8, 9). In order to obtain comparable re- 
action rates, the enzyme concentrations were ad- 
justed to correspondingly lower levels. The prod- 
ucts of the oxidation of phenol were red, those of 
j7-cresol yellow, and neither of these solutions be- 
came brown or black in the end, as was the case 
with tswosine. In the presence of normal serum or 
plasma the kinetics of the reaction with phenol or 
p-cresol as substrates were appreciably different 
from those using tyrosine and were also more com- 
plex, since both the induction period and the rate 
of the reaction proper were modified. 

A number of e.xperimenls was made comparing 
normal and cancer serum, with phenol or p-cresol 
as substrates. The results again were disappoint- 
ing, showing even more variability than those in 
which tyrosine had been used. No correlation 
between reaction rate and malignancy was 
demonstrable. 

MODIFICATIONS CONCERNING 
INORGANIC SALTS 

Following a suggestion of Dr. D. Appleman, a 
small amount of powdered CaCOs was added to 
the freshly prepared enzyme solutions, and, after 
a period of approximately 10 to 20 minutes, the 
excess of CaCOs was removed by centrifugation. 
This treatment had primarily the following two 
results: (a) The enzyme was significantly acti- 
vated, so that less enzyme solution was needed for 
the tests, and (6) the pH of enzyme solutions 
treated in this way was much closer to the point of 
neutrality, at which the tests were usually run. 
But, as far as the differentiation of normal and 
cancer bloods was concerned, the treatment of the 
enzyme solution with CaCOs had no significant 
effect. 

The pH of the test solution was kept near i.Q. 
Both phosphate and veronal buffers were used at 
varying concentrations. Another series of experi- 
ments was made in the absence of buffer, the pH 
being adjusted with NaOH and HCl. In general, 
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the reaction rate seemed to be little influenced by 
the anions used. Of the cations tested, Na+ ap- 
peared to inhibit, but K+ and Ca++ to stimulate, 
the oxidation of tyrosine. This observation is in 
agreement with findings made by Dr, Appleman 
(10). Regarding the distinction of normal and 
cancer samples, veronal buffer vas superior to 
phosphate buffer; considering the groups sum- 
marized in Table 4, the only two series with a 
statistically significant mean difference in rates 
were those in which veronal buffer and plasma 
were used (groups 2 and 5). But the results were 
not consistent enough for a clinical test. 

MODIFICATIONS CONCERNING THE 
BLOOD SAMPLE 

Comparison of serum and plasma.-~Tbe effects 
of serum and plasma on the tyrosinase sj^stem 
were compared, using partially purified potato 
enzyme. Plasma was obtained from heparinized 
blood.’ The results shown in Table 4, groups 5 
and 6, indicate that with plasma the mean differ- 
ence between the rates of normal and cancer 
samples was statistically significant but relatively 
small (11 per cent of the mean rate for normal 
plasma), while with serum no significant effect was 
observed. But even in the plasma group, a number 
of cancer samples failed to inhibit the reaction as 
compared to normal plasma, as mentioned above. 

Effects of deproteinized blood filtrates. — It was 
not known which plasma fraction contained the 
substance (s) responsible for the phenomenon. On 
the chance that the principle in question was not a 
protein, the protein fraction was removed by pre- 
cipitation and the deproteinized filtrate tested for 
its effects on the tyrosine oxidation. Two different 
procedures were used for deproteinization; in the 
first series, 3.5 volumes of “acid tungstate” (11) 
were added to 1 volume of plasma or serum; in the 
second series, -whole blood was deproteinized by 
means of adding 4 volumes of 10 per cent tri- 
chloracetic acid. In each case the precipates were 
removed bj"- filtration, and the filtrates were 
neutralized and added to the test solution under 
the conditions outlined above. Partially purified 
potato enzj’^me was used, with tyrosine as sub- 
strate. 

A small number of tests was made, using 
tungstic acid filtrates; the results were disappoint- 
ing. A larger series of blood samples was tested, 
using trichloracetic acid filtrates of whole blood. 

’ Since commercial heparin solutions contain p'reservatives 
which interfere with the test (e.g., phenol), a powdered heparin 
preparation free of preservatives was used, for which I am 
much obliged to Dr. B. J. Brent, of Roche-Organon, 


The value for (Ixor - Ica) v-as again small (6 per 
cent of the mean rate for normal samples) and 
statistically not significant (Table 4, group 7). 

Effect of red cells. — Since, in several instances, 
the serum samples showed an appreciable degree 
of hemolysis, the influence of hemolyzed red cells 
alone was investigated. Red cells were obtained 
from heparinized samples of both human and 
rabbits’ blood, washed with saline, and then 
hemolyzed by dilution with distilled water. For the 
tests, varying amounts of the clear solution were 
added to the tyrosinase system. The results of 
these experiments may be summarized as follows : 
(1) The effects of hemolj’^zed red cells from normal 
blood samples were not significantly different from 
those of cancer blood samples. (2) The effects of 
hemolyzed human red cells were similar to those 
of hemolyzed red cells derived from rabbits’ blood. 
The influence on the kinetics of the reaction was 
complex and r’aried greatly with the nature of the 
enzyme preparation and substrate used. 

CONCLUSIONS AND SUMMARY 

The effects of normal and cancer blood on the 
aerobic oxidation of tyrosine in the presence of 
tyrosinase were investigated as a test of malig- 
nancy, as recently suggested by Hirshfeld et al. (I). 
No unequivocal distinction between normal and 
malignant sera was possible under the experimen- 
tal conditions proposed by these investigators. 
The reason for the disagreement bet-n-een their 
results and those reported above is not known. 
Stadie et al. recently also reported a series of ex- 
periments in which the effects of normal and 
cancer sera on the tyrosinase system were studied, 
precisely following Hirshfeld’s procedure (12). 
Essentially in agreement with our findings, these 
authors observed no correlation between malig- 
nancy and inhibition of the tyrosinase activity. 
When, however, in the results reported above, the 
average values of larger groups of experiments 
were considered, a small but statistically sig- 
nificant difference between the effects of normal 
and cancer sera was observed in one of three 
series, and a slight, if not significant, trend in the 
same direction was noted in a second group. In 
view of these observations, attempts were made to 
improve the reliability of the method by varying 
experimental conditions. 

The experimental variations concerned: (1) the 
physical conditions, such as temperature, light, 
shaking, etc.; (2) the enzj^me preparation; (3) 
the substrate; (4) the reaction medium (buffers, 
inorganic salts); (5) the blood sample. An unequiv- 
ocal distinction between normal and cancer 
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blood was not possible under any of the experimen- 
tal conditions examined, although appreciably 
purer, more stable, and more active enzyme 
preparations were used. 

IVlien average values for larger groups of tests 
were considered, however, a trend in the direction 
suggested by Hirshfeld ef al. was noted in several 
series. This trend was very small, and it was 
statistically significant in only 2 of 7 groups, i.e., 
when plasma, partially purified potato enzyme, 
and veronal buffer were used with tyrosine as 
substrate. 

It is not knorni whether the small trend ob- 
served in some of the experimental groups is an 
artifact or whether it is due to a real phenomenon 
obscured by interfering factors of an unknown 
nature. 
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Splenic Lymphosarcomas in Rats Bearing Intrasplenic 
Implants of Butter Yellow* 

Elizabeth Lowenhaupt, M.D. 

{From the Division of Pathology, University of California Hospital, San Francisco 23, California) 


Hepatic cellular changes produced by oral ad- 
ministration of p-dimethylaminoazobenzene (but- 
ter yellow) associated with variations of other 
dietary constituents have been extensively studied 
of late (3, 9, 15, 16, 21, 22, 23, 24, 25), and recent 
investigations indicate that neoplasms so induced 
are related to hepatic ceffufar changes in enzyme 
activity (12). Although liver cells are concerned 
primarily in the metabolism of butter yellow and 
related compounds (15), they alone with dietary 
administration are exposed to high concentrations 
of it. Thus it seems of interest to report abnormal 
gron-th in cells of another tissue exposed over long 
periods to high concentrations of p-dimethylami- 
noazobenzene. 

MATERIALS AND METHODS 

Thirty-eight rats (total from 40 surviving into 
the experimental period), weighing at the start 130 
to 170 gm., form the basis of this report. Twenty- 
eight of these received pellets of butter yellow in 
the spleen, using the technic first developed by 
Mark and Biskind (19). ‘ These pellets weighed be- 
tween 17 and 27 mg. at the start, most in the neigh- 
borhood of 20 mg. Following operation, these 28 
animals, together with 10 controls of similar 
weights but without splenic implants, were placed 
on the following diet: casein 10 per cent, sucrose 
75 per cent, vegetable oil 8 per cent, salt mixture 
4 per cent, cod-liver oil 2 per cent, and wheat-germ 
oil 1 per cent. To each kilogram of diet the follow- 
ing supplements were added: thiamine chloride, 
inositol, and paraminobenzoic acid, 40 mg. of 
each; riboflavin, p.yridoxine hj^drochloride, and 
calcium pantothenate, 20 mg. of each; nicotinic 
acid 50 mg.; and choline chloride 500 mg. Butter 
yellow (0.6 gm. per kilogram of diet), dissolved by 
gentle heat in the vegetable oil, was added to the 
diet given to half of the pellet-bearing animals and 
half of the controls.- 

* Aided by a grant from Christine Breon Fund for ^ledical 
Research. 

* The author is indebted to Dr. G. R. Biskind, Mount Zion 
Hospital, San Francisco, for preparation of these pellets by 
compression. 


Ten animals in all were sacrificed at intersmls up 
to 345 days, when 6 were killed. Three more were 
killed up to 461 days, w'hen the remaining 19 were 
sacrificed. For the most part, the weight of the ani- 
mals had continued to rise up to about 400 days, 
when a plateau at 450 to 550 gm. had become evi- 
dent and persisted to the end of the experiment. 

RESULTS 

In the liver, only two tumors were observed, 
both at 461 days and both tiny cholangiofibromas 
(24). At this time nuclear changes of the type de- 
scribed by Opie (25) were observed in hepatic 
cells. However, no hepatomas occurred. This 
negative finding will be discussed below. 

Changes associated with a pellet of oil-soluble 
material in the spleen can .be divided into four 
groups, the distinction between groups 2 and 3 be- 
ing quite arbitrarj*^ and that between 3 and 4 being 
dependent on remote organ changes. Only the 
first group is shown to be due directly to this for- 
eign material. However, none of the control ani- 
mals showed splenic changes at all suggestive of 
the other groups, and it seems justified to assume 
this relationship, even though the chronologj' of 
these changes is not strictly sequential. The groups 
are as follows. 

Group 1 . — A foreign -body reaction to the sub- 
stance of the pellet was noted. In some spleens 
there apparently was considerable necrosis, with a 
dense fibrous wall about the area, in which there 
was much calcium deposited. This reaction did not 
seem to be associated with further changes, and 
the foreign material was not found in the spleen 
beyond the capsule itself. This is shown in Fig. 1. 
In other cases the reaction was of a more pro- 
gressive tj’pe. That is, even after many months 
the process seemed to be extending, and no 

- This addition to the diet was made as part of another ex- 
periment. However, since no hepatic tumors occurred to limit 
the duration of the experiment and since the splenic changes 
occurred independently of the dietary butter yellow, apparent- 
ly representing a local reaction, these two groups are not 
further considered — the two groups considered being those 
with splenic implants and the controls without. 
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dense capsule was formed. In these cases there 
was an epithelioid and mononuclear cell response 
which formed distinct tubercles, identical histo- 
logically with the proliferative tubercle of tu- 
berculosis. Here giant cells were formed, histo- 
logically of the Langhans type, and they were 
surrounded by epithelioid cells and a few fibro- 
blasts. This sort of tissue formed a rim about 
the pellet, but the material did not seem to be 
confined to this area. Subsidiary tubercles were 
found removed from the chief pellet mass, and, ex- 
tending through the wall of the primary mass and 
out into these tributary tubercles, mononuclear 
cells were found containing granules of yellow- 
brown pigment, presumably butter yellow. Some 


shown in Fig. 2. The identity of these cells is dis- 
cussed by Krumbhaar (18) and will be considered 
below. 

Group 3 . — ^Distinct nodules, presumably neo- 
plastic, of this perifollicular tissue, with sharp bor- 
ders from surrounding normal spleen, were seen in 
three instances. The distinction between this and 
the preceding group, to be sure, is quite arbitral^’ 
and is made on the basis of invasion and replace- 
ment of lymphoid follicles by this tissue, so that 
only scattered foci of mature lymphocytes remain 
to mark the site of the former follicle. The cells and 
the appearance of the nodules in the spleen were 
identical with one tumor of group 4, which metas- 
tasized. One of these spleens was approximately 



Fig. 1. — Changes classified as group 1. These are direct 
mesenchymal reactions to the oil-soluble material of the pellet. 

Fig. la. — Fibrotic reaction at 345 days with spread of 
butter j'ellow beyond the connective tissue capsule. XICO. 
H and E stain. 

Fig. 11).— Proliferative granulomatous response at 40 days. 


extending from a connective tissue capsule (above) into the sur- 
rounding spleen. X80. H and E slain. 

Fig. Ic. — The same reaction showing the epithelioid nature 
of the cells. XIOO. H .and E stain. 

Fig. Id . — A “tubercle” at 401 days found beyond the limits 
of the capsule about the pellet. X320. H and E stain. 


of tills, often in considerable amount, was found in 
the near-by tissue. These features are shown in 
Fig. 1. 

Group 2. — A second group of changes, seen in 
the neighborhood of pellets producing the diffuse 
reaction described in group 1, consisted of a hyper- 
plasia (or at least an increase in width of this zone) 
of cells in the perifollicular envelope (18) (Fig. 2). 
It might be thought that this represented the non- 
specific change seen, for example, with Salmonella 
infections in the rat (8). However, there was none 
of the focal hemorrhage and necrosis seen with that 
disease, and the spleens were not grossly enlarged. 
Also, in many instances this change was restricted 
to the area of the pellet. As the process became 
quite extensive, wide zones of this tissue coalesced 
to obliterate the red pulp in this area and to sur- 
round lymphoid tissue of the follicle areas. This is 


one-third enlarged and was found at 461 days; the 
other two grossly within usual limits were found at 
365 and 461 days. These are seen in Figs. 4 and 5. 

Group 4 . — Two metastasizing splenic sarcomas 
occurred— one found at 446 days, the other at 461 
days. The former spleen was not distinctly en- 
larged, microscopically resembling group 3. Scat- 
tered minute metastases, however, were found in 
the liver. This is shown in Figs, 6, 7, and 8. The 
other spleen weighed 27 gm. (usual weight about 
2 gm.), and tumor tissue extended from the spleen 
into surrounding structures. Lymph nodes were 
diffusely enlarged, and these, as well as liver, kid- 
ney, and skeletal muscle (diaphragm), contained 
tumor masses. This is shown in Figs. 9, 10, and 11. 

The cells of these two tumors, as well as those 
of the previous groups, are essentially similar. 
They are large, 20 to 30 p in diameter, with rather 





r-'s ■ ••■S' v-'^ •' ^ f p> ‘ J 

i'^s - ■' ': ^ i, 1 t f' £ a /a <) 


Fig. 2. — Spleen of a control rat with a Malpighian corpuscle 
surrounded by a narrow perifollicular zone, well defined from 
the surrounding red pulp and from the lymphoid tissue of the 
corpuscle. X215. H and E stain. 

Fig. 3. — Changes in the spleen classed as group 2, seen here 
at 365 days. Wide, coalescing areas of celb, resembling those 
of the perifollicular zone, replace these zones and replace the 
red pulp. They surround intact lymphoid centers. X160. 
H and E stain. Insert: The same spleen to show the e.xtent of 
this tissue. X80. 


Fig. 4. — Changes classed as group 3, 401 days. The whole 
field is formed by these large, pale-staining cells, which e.vtend 
irregularly into the borders of lymphoid centers, remnants of 
which arc seen in the central area. X21o. H and E .stain. 

Fig. 5. — Group 3 changes, again at 401 days (a second 
spleen). This shows a remnant of a Malpighian corpuscle and 
its central arteriole, invaded irregularly by proliferating celLs. 
The ti-ssue shown here and in Fig. 4 is considered neoplastic, 
since it shows intrasplenic invasion and since the cells are 
identical with those of the tumors shown below, which formed 
remote metastases. X430. H and E stain. 
















Lowexhaupt — Splenic Lymphosarcoma and Buffer Yellow 


scant to moderately abundant cytoplasm. This is 
iinifonn, rounded, and does not contain granules 
with Gienisa staining; nor are phagocyticized par- 
ticles demonstrated in it. The nuclei arc quite 
large, with a fairly prominent nuclear membrane. 
Jlost are round, some are indented or folded to 
form two coarse lobes. Chromatin is in delicate to 
fairly heavy bars. Each nucleus has from one to 
three large and prominent nucleoli. Mitotic figures 
are rather frequently seen. These cell character- 
istics are shown in Figs. 7 and 9. 

DISCUSSION 

Spontaneous lymphoid tumors of the spleen are 
not recorded in a large series of rat neoplasms (2, 4) 
and have not been observed in this present colony 
of Long-Evans strain. Likewise, these tumors are 
not described with oral administration of butter 
yellow (23) or with 10 per cent casein diet (9), 
These facts, together with the observed local reac- 
tion to this substance, make it seem probable that 
continuous local application of butter yellow for a 
prolonged period is responsible for the final ap- 
pearance of these neoplasms. 

The identity of the cell of these tumors cannot 
be determined with certainty from this material. 
The cells arise in the perifollicular envelope, which, 
ns Krumbhaar (18) points out. contains a prepon- 
derance of large pale cells, most probably young 
lymphocytes, though cells of the monocytic or 
myeloid series cannot be excluded. The cells of these 
tumors seem most to resemble young lymphocytes, 
and the tumor thus appears to fall into the group 
classified by Gall and Mallory (7) as lymphoblastic 
lymphoma. 

Kirschbaum (17) considers lymphosarcomas in 
the rodent to be a closely related manifestation of 
lymphatic leukemia, which latter disease has been 
extensively .studied and induced in susceptible ani- 
mals in a variety of ways (17). However, this close 
neoplastic relationship may or maj^ not prove to 
be the case (5). Leukemia, probably of monocj'tic 
t.sq)e, together with a variety of local neoplasms, 
has been induced in mice by intrasplcnic injection 


125 


of carcinogenic hydrocarbons (1. 6). Likewise, 
methylcholanthrene has been .shown to reduce the 
latent period in mice susceptible to spontaneous 
leukoses (20). However, a survey of literature (11) 
shows distinct lymphosarcomas of one organ to 
have been produced but rarely. These are discussed 
by Kaplan (13, 14). who induced these tumors in 
the thymus by x-ray and, with removal of the 
thymus, in the spleen later in life The significance 
of the unicentric origin of this tumor in contrast to 
the diffuse origin of leukemic processes is discussed 
by Kaplan. 

It might be objected that the splenic lympho- 
blastic reaction represents part of a local inflam- 
matory and foreign-body reaction and is not a dis- 
tinct neoplasia. However, the neoplastic property 
of this tissue is demonstrated, first, by invasion of 
the diaphragm in 1 rat, and second, by metastasis 
in 2 cases, one to liver and the other to liver, kid- 
ney, and lymph nodes.® 

Then, having conceded the neoplastic and in- 
vasive properties of the tissue, we might still argue 
that this is actually a tumor of liver cells, the he- 
patic ceil masses being primary, rather than metas- 
tases from the spleen. It might be objected that 
this is produced by direct action of butter yellow 
on hepatic cells, reaching the liver by portal flow' 
from dietarj' source or from the spleen, where it is 
taken up by macrophages and so reaches the 
splenic vein. However, this concept is contra- 
dicted by several points. First, a distinct splenic 
mass w'as present, grossly in 1 case abd microscopi- 
cally in 4. In 1 this tumor invaded the diaphragm 
above the .spleen. The mass in all 5 cases w'as com- 
posed of a uniform cell type; a young lymphocyte. 
Second, the tumor tissue in the liver consisted of 
this same young lymphocyte, w'hich is not a type of 
cell produced by hepatic or bile duct neoplasia but 
is consistent wdth splenic origin. Third, these tu- 
mor nodules were widespread within the liver, in 

’ Two of the animals of group 3, that is, with splenic neo- 
plasia without metastasis, received no butler yellow by mouth. 
The remaining animal of this group and the 2 animals of group 
4, that is, .showing splenic neopla.sms with metast-ases, received 
butter yellow by mouth as well as by local implant. 


Fig. 6. — Changes called group 4: a lymphosarcoma of the 
.spleen. This was found at 44G days and here shows a few groups 
of mature lymphocytes, remnants of Malpighian corpuscles. 
This spleen was not grossly enlarged. Melastases of the tumor 
occurred in the liver. X320. H and E stain. 

Ftc. 7. — Ceil detail of the tumor shown in Fig. 6. These 
are large cells with abundant cytoplasm, free of granules (with 
Gienesa st.ain) and of inclusions. No reticulum is formed by 
these cells. Nuclei arc round or folded with prominent, large 
nucleoli. Mitoses arc seen fairly often. XSGO. H and E slain. 

Fig. 8. — nodule in the liver from the splenic tumor shown 
in Fig. 0. XIGO. H and E stain. 


Fig. 9. — .4 small part of the splenic tumor, group 4, a 
bmphoblastic lymphosarcoma, found at 401 days. This .spleen 
weighed 27 gm. Melasla,ses were widespread. Cell structure is 
similar to that of Fig. 7. XSGO. H and E stain. 

Fig. 10. — portion of the tumor in the kidney. X320. H 
and E stain. 

Fig. 11. — portion of the liver in the animal shown in 
Figs. 9 and 10. This shows infiltration of the portal areas and, 
in addition, widespread distribution throughout the liver 
parenchyma. The cells are identical with those of the splenic 
mass, that is, young lymphocytes. XIGO. H and E stain. 
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distribution resembling a metastatic rather than a 
primary tumor. Fourth, the same tumor tissue in- 
•('olved lymph nodes generally in 1 case and the 
kidney, an organ in which it was obviously meta- 
static. Fifth, supporting evidence is drawn from 
the similar appearance and similar metastatic dis- 
tribution of those lymphosarcomas in mice de- 
scribed by Kaplan (14) and produced by quite dif- 
ferent experimental procedure. 

SUMMARY 

Five neoplasms of the spleen, classified as 
lymphoblastic lymphosarcomas, occurred among 
28 rats bearing intrasplenic pellets of p-dimethyl- 
aminoazobenzene, none occurring in the controls. 
Two of these tumors had metastasized at the time 
that the animals were sacrificed, the last after 461 
days. The local tissue reaction and the cells in- 
volved in the consequent neoplastic growth are 
described, and the significance of this process' in the 
nature of lymphosarcoma is discussed. 
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Cold Spring Ilarhor Si/mposia on Qiianfilalii'c Biology, 

Vol. XII, Cold Spring Harbor, L.I., X'ew York: Bio 

logical Laboratories, 1917. 

The Biological Laboratory’ at Cold Spring Harbor 
continues its annual publication of its liigb-qiiality 
symposia on topics of biological interest with this new 
volume. The current volume is devoted to nucleic acids 
and nuclcoproteins and contains some twenty-five 
papers by leading authorities on important aspects of this 
subject. Tlie discussion is pitched for the c.xpert in the 
field. The biochemistry is limited to a discussion of 
controversial issues in this complex subject. Most of 
the papers concern themselves with the relation of 
various forms of nucleic acids to the function of the cell. 
Considerable .space is given to the interrelation of 
nuclcoproteins and nucleic acids to tlie properties of 
bacteria, viruses, and phage. The volume is-of timely 
interest to those who wish to pursue the manifold rami- 
fications of this difficult subject in all its fine branches. 


.•idrancen in Enzymology and Rdalcd Subjccis of Bio- 
clicmi.itry, Xol. ^TII. Edited by F. F. Nord. New 
York: Interscience Publishers, Inc., 1948. 

The eighth volume of Advances continues at its usual 
high level. The chapter on the functioning of the cyto- 
plasm by Monne discusses tlic detailed structure of 
cytoplasm, including diromidia, cytoplasmic fibrils, 
mitochondria, and Golgi bodies in relation to such func- 
tions as catabolic activity, contractility, motility, and 
permeability. Hcidelberger presents a comprehensive 
article on the quantitative studies of complement, dis- 
cussing the rigorous application of microanalytical 
mctliods to tlie study of the balfiing complement com- 
plex. Chaikoff and Entcman give a review of the im- 
portant and interesting subject of the present status of 
the antifatty-liver factor of the pancreas, including a 
discussion of its preparation and mechanism of action. 
Of interest to tlie pharmacologist is the study of Daw- 
son on alkaloid biogenesis. The cycle which destroys the 
most abundant organic compound in nature — cellulose 
— by microorganisms is presented at length by Nord 
and ^'itucci. Three sections are devoted to the chemistry 
of fats. One by Kleinzeller on tlie synthesis of lipids — a 
subject of increasing interest now that the intermediarj' 
metabolism of fatty acid is beginning to be better un- 
derstood. A second section is by Breusch on the bio- 
chcmistiy of fatty acid catabolism. Emphasis Is upon 
the recent in cilro studies of fatty acid intermediary 
metabolism, witli special discussion of the catabolism of 
the two-carbon fragment resulting from tlie oxidation 
of fatty acids. There is also included an attempt to 
formulate a comprehensive theory of the known 
mechanisms of enzyme action on fatty acids involving 


stcrometric concepts. I’lie recent renewal of interest in 
lipoxidase and auto-oxidation of fatty acids is fur- 
thered by a third section by Bergstrom and Holman 
devoted to this subject. The concluding chapter is by 
Zeller and is devoted to enzymes of snake venoms and 
their biological significance. Here is included discus- 
sions of cholinesterase, hyaluronidase, and proinvasin — 
all topics of timely interest. 


C. 0. Jensen, Selected Papers. First Volume, 1SS6~190S. 

Edited bj’ M. Chuistiaxsen' and H. 0. Sch.mit- 

Jen’sen. Copenliagen: Einar Munksgaard, 1948. Pp. 

C81-M4 illus. 

Carl Oluf Jensen (1804-1934) is best known to Eng- 
lish-speaking readers for his pioneer work in experimen- 
tal cancer, accomplished around the turn of the 
century. In this first of two volumes of selected studies, 
six of the thirty-seven articles are on cancer, but there 
arc also six on tuberculosis and eight on the typhoid- 
colon group. These two groups and the remaining seven- 
teen articles on various bacteriological subjects reflect 
Jensen’s enduring activity at the Royal Veterinary and 
Agricultural College. Of the thirty-seven articles se- 
lected, twenty -four are in German; the other thirteen 
(including two of the cancer group) have been trans- 
lated from the original Danish into English for publica- 
tion in this book. 

“Selected papers” of eminent scientists, as a rule, are 
useful tools. Especially is this so in the case of transla- 
tions of Scandinavian and Slavic articles, so that this 
volume should be a welcome addition to a cancer 
library’. 


Fimdamentah of Immunology. By William C. Boyd, 

2d cd. New York: Intersceince Publishers, Inc., 1947. 

Pp. 5034-50 illus. 86.00. 

The second edition of this universally’ accepted 
standard introductory tc,xt in immunology has retained 
in their entirety all tliose outstanding features of presen- 
tation and organization that characterized the original 
work. The two most notable improvements in its organ- 
ization are tlie addition of an excellent summary at the 
end of each chapter and the elimination of passages in 
small type, with retention of all the essential subject 
matter originally contained in these. The bibliographies 
at the ends of chapters have been brought more nearly 
up to date and continue to provdde a ven' broad cover- 
age of fundamental source material. 

As is to be e.xpected in a revision of a work on a sub- 
ject of this sort, where most of the elementary basic 
principles were elucidated prior to publication of the 
first edition, not a great deal of new material has been 
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added, though much of the old material has been 
worked over and re-written in tlie light of more recent 
experimental data. One important addition of new ma- 
terial is a thoroughgoing discussion of the Rh antigen 
and all its medical implications. Mention is also made' 
of such recent advances as the methanol precipitation 
method of purifying bacterial toxins and the use of 
ultraviolet irradiation for inactivation of various virus 
vaccine preparations. 

This book can be highly recommended as collateral 
reading for all graduate students in the medical sciences, 
medical and veterinary students; and, while it was 
written primarily as an introduction to the subject of 
immunology, its wealth of basic material and its com- 
prehensive bibliographies make it a valuable reference 
work for the more advanced student of immunology as 
well. 


Submicroscopic Morphology of Protoplasm and Its De- 
rivatives. A. Frey-Wysslin^ Translated by Dr. J. J. 
Hehsians (Gronigen, Netherlands) and Miss M. 
Hollander (Selbome, England). New York, Amster- 
dam, London, and Brussels: Elsevier Pub. Co., Inc., 
1948. Pp. 236-MCl illus. $C.OO. 

This represents a new edition of the author’s Sub- 
microscopic Morphologic dcs Protoplasmas und seiner 
Derivats, published in 1938. There has been a complete 
revision, bringing the material up to date with advances 
in this field. The work is presented in three parts. The 
first section surveys such methods as x-ray patterns, 
anistropy of swelling, polarization microscopy, and elec- 
tron microscopy. The second section summarizes our 
present knowledge of the submicroscopic structure of 
cytoplasm, nucleoplasts, and erythrocytes. The third 
section discusses specialized derivatives of protoplasm, 
such as cell walls, silk, horn, sinews, muscle, and nerve. 

In the author’s Foreword he emphasizes that the 
“book is written not for specialists, but for students 
who are attracted towards this interesting field of re- 
search.” 

This is a well-written and nicely organized mono- 
graph that does riot intend to be exhaustive. Bather, it 
is stimulating through the problems presented and left 
unanswered. The field of electron microscopy is ade- 
quately covered but is not presented as a complete re- 
view of the method or of the results obtained with it. 
The author stresses that the older, more indirect meth- 
ods must be treated as equivalent means of research 
and that the polarizing microscope and x-ray camera 
are more accessible to the average biologist than is the 
electron microscope. 


This volume is a valuable addition to the literature 
on the submicroscopic morphology of protoplasm, a field 
that is rapidly progressing and one that holds tre- 
mendous promise. 


Bilharzial Cancer; Radiological Diagnosis and Treat- 
ment. By MahiMoud Ahmed Afifi, M.B., Ch.B. 
(Cairo), M.R.C.S. (England), L.R.C.P. (London), 
D.M.R.E. (Cambridge); former director of the 
Radiological and Electro-therapeutic Departments 
of the Egyptian Government Hospital, Alexandria. 
London: H. K. Lewis & Co., Ltd., 1948. Pp. lll-fCO 
illus. Cloth. 

This book deals wdth the possible carcinogenic role of 
bilharziasis and the diagnosis and treatment of bil- 
harzial cancers. It is of interest to clinicians, especially 
radiologists, urologists, and surgeons. All persons think- 
ing about the causation of cancer should find the first 
part extremely interesting. In Egypt many rural 
dwellers are infected w’itli blood flukes (.Sehistosoma), 
and some exhibit clinical bilharziasis. In some of the 
organs so infected, eancer is common, and many of the 
cancers show ova of the parasite. Such evidence as exists 
for an etiologic relationship between bilharziasis and 
cancer is statistical and inconclusive. The evidence is 
best for bladder and rectal cancer. Some organs which 
show much bilharziasis have little cancer in Egypt. 
Reviewers rarely suggest that a book should be en- 
larged: but this monograph would profit b}' the addition 
of control data on schistosomiasis in other diseases of 
the bladder, rectum, and colon and in other tissues. The 
relationship of parasite to tumor is worthy of further 
study. 


ASSOCIATION NOTICE 

The fortieth animal meeting of the Amer- 
ican Association for Cancer Research will 
be held at the Fort Shelby Hotel in Detroit 
on Saturday and Sunday, April 16 and 17, 
1949. Information concerning the meeting 
and cards for reserving rooms may be ob- 
tained from the secretary of the Association, 

Charles W. Hooker 

Emory University School of Medicine 
Emory University, Georgia 
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Diet and Azo Dye Tumors: Effect of Diet During 
a Period When the Dye is Not Fed* 

C. C. CLAYTON%t Ph.D., and C. A. Baumann, Ph.D. 


{f'rnm l/ir Vrjitirlmnit of /ttnclinni.ilri/, Cnllrgo of Agriculture, Unircrsitij of Wixconxin. Moilimu U, ll’ieconirin) 


Altlioiigli il is well recognized that rats fed azo 
dyes devclo]) Inniors al rates tlial depend upon llic 
diet fed will) llic dye (28), llic ineclianistn by 
which this is accomplished is unknown. One possi- 
bility is that pertinent diets alter the mct;d)olisni 
of the dye and thus alter the conccnlralion of ef- 
fective carcinogen: another, that diet can effect 
clianges i?) normal celluliir constituents that cither 
enhance or mininnze the sensitivity of the tissue 
to the carcinogen. Still another possibility is that 
ai)i)ropriatc diets might modify lho.se phases of the 
carcinogenic procc.ss that continue after the car- 
cinogen is no longer ]>rcsenl in the tissues. Dietarj' 
cffcct.s in the latter categories would have a wider 
significjince in the c.ancor problem than tliosc in 
the first. .Accordingly licpatic lumor.s were induced 
in rats by the feeding of a s>’nthetic ration contain- 
ing the potent azo <lyc, m'-mclhyl-p-dimcthylami- 
noazobenzene (?»'DAR), interniptcd by the feed- 
ing of experimental diets containing no dye. In a 
few parallel studies the riboflavin contents of llic 
livens and the coagidabilily of liver homogenates 
were also measured. 

AIKTHODS 

('omp.arable groups of 12 to 1;> young adult rats 
(usually males) weighing approximately 200 
gram.s were pkiced in wire bottom cages and given 
foo:! and water ad libiliim. The con.sumjition of 
food was measured at intervals on all groups, hi 
experiments involving caloric restriction the rats 

* rulilMicd witl) llir opprovni of the tlin-clor of tlic Wis- 
eniiMu .\crirulUirnl EvfHTinJenl Slatioii. Supported in part By 
tiii- dniialliaii noivm.ati ('.aiicer Fund and l,y a pranl from ihc 
Commillt'o eu Cfrurltu American f'ancer Society, 

^ t uited Slatt.s Fiddic IJc.olth .^‘rvicc Frccioctoratc Ite- 
v-arvli FcIIoiv, 


were kept in individual cages and the desired 
jiinount of food was fed daily. The basal diet was 
that msed in previous studies (8, 12. 28): extracted 
casein 12. salts 4, com oil 5, and glucose mono- 
hydrate (Ccrelose) to 100 with vitamins added at 
the following levels in mg. /kg. of diei: thiamine 8, 
pyridoxine 2..5. calcium pantothenate 7.5, ribo- 
flavin 2, .and choline .80. In the final dictarj’ series 
(Tabic 2, groups 29 to 3.8) and in the analytical 
series (T.able 4) all diets cont.ained 1000 mg. of 
choline per kg. Each rat also received 2 drops of 
halibut liver oil ever}' 4 weeks. 

For the incorporation of »)'-mcthyl-p-diinetbyl- 
aininoazobenzenc (nt'DAB) into the rations, the 
drj' ingredients including the vitamins were mixed 
first and an ether solution of the dye was evaporat- 
ed onto the dry mixture. The corn oil was then in- 
corporated into the diet and the mi.xlurc passed 
through a 10-mesh sieve. The concentration of dye 
in the ration and the periods of time the dye was 
fed arc described below. 

EXPERIMEN'i'AL AND RESULTS 
Tumor incidence after inicrrupled feeding of iizo 
(hje.'i . — In the initial experiment Ta'-jnclliyl-p-di- 
inetliyl.nminoazobcnzene (jn'DA.B) was fed at a 
level of 0.048 per cent to 3 groups of rats for a lotiil 
of 10 weeks. The control groups received the dye 
conlinuou.sly. Two other groups received the dye 
for G weeks followed by “periods of inlcrniplion” 
of 4 or 10 weeks during which the ba.sal die! free 
of the dye w.-is fed. Thereafter the carcinogen was 
fed for 4 more weeks, after which the dye-free diet 
was fed. and the experiment was terminated at the 
end of 29 weeks. Thus the 3 groups received the 
basal diet for 19. 1.5, and 9 weeks respectively 
after the la.sl e.vpo.surc to the carcinogen. 
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Liver tumors developed in all groups, although 
the interruption of the carcinogenic treatment re- 
duced tumor incidence somewhat. In the group 
receiving the dye continuously, 85 per cent of the 
rats developed tumors; when the feeding of tlie dye 
was interrupted for 4 or 10 weeks, the incidences 
of tumors were 58 per cent and 61 per cent respec- 
tively (Table 1, groups 1 to 3). The results were 
similar in 2 other series in which 0.064 per cent of 
m'-DAB was fed for 8 weeks with “periods of in- 
terruption” ranging from 2 to 12 weeks after an 
initial exposure to the dye of 4 weeks. Groups re- 
ceiving the carcinogen for only 4 weeks failed to 
develop tumors (Table 1, groups 4 and 8). The in- 
cidences of tumors were 87 and 100 per cent in the 
groups receiving the dye continuously (Table 1, 


High casein and riboflavin . — The levels fed dur- 
ing the period of interruption were 24 per cent of 
casein and 20 mg. of riboflavin per kg. of diet. In 
the first series there was a definite decrease in tu- 
mor incidence in the group fed the more adequate 
diet: hepatic tumors developed in 47 per cent of 
the group receiving the basal diet during the inter- 
mediate period as compared to 20 per cent of the 
animals receiving supplements of casein and ribo- 
flavin (Table 2, groups 14 and 18). A second series 
indicated a smaller difference between the percent- 
ages of tumor incidences, 90 vs. 77 per cent (Table 
2, groups 23 and 24). In this series the survival of 
the rats in the control group was poor and the 
number of animals that developed tumors in the 
group receiving the added casein and riboflavin 


TABLE 1 

Ln'ER TujroRS Produced after Interrupted Feeding of m'METm’Lp-DiMETHYLAMiNOAZoBENZENE 
Groups 1-3 0.048% m'DAB 0 wks.; Basal Diet x wks.; 0.048% m'DAB 4 wks.; Basal to 29 wks. 

Groups 4-13 0.064% m'DAB 4 wks.; Basal Diet x wks.; 0.064% m'DAB 4 wks.; Basal to 29 wks. 
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m'DAB = m'metiiyl p-dimethylaminoazobenrcnc. 

groups 5 and 9), while in groups in which the ad- 
ministration of the carcinogen was interrupted, the 
percentages of tumors ranged from 33 to 90 per 
cent (Table 1, groups 6, 7 and 10 to 13). In general 
the number of tumors decreased as the period of 
interruption was extended. However, u'hen the 
period of interruption was 4 or 8 weeks, tumor in- 
cidences were sufficiently high to warrant the use 
of this procedure in nutritional studies. 

EFFECT OF DIET DURING THE PERIOD 
OF INTERRUPTION 

In a typical experiment m'DAB was fed at a 
level of 0.064 per cent for 4 weeks followed by 4 
weeks during which various dye-free diets were 
fed; the basal diet containing the rn'DAB was then 
fed for 4 more weeks after which the dj'e-free basal 
diet was fed for 8 weeks when the animals were 
killed for examination. The group fed the basal 
diet during the period of interruption served as a 
control. 
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was actually greater than that in the control 
group. In a third series the incidence of tumors 
was essentially the same in the group fed extra 
casein and riboflavin during the period of interrup- 
tion as in the control group (62 vs. 69 per cent; 
Table 2, groups 29 and 32). Thus it is e%-ident that 
riboflavin was much less anticarcinogenic in the 
present experiments than in previous studies in 
which it was fed simultaneously with p-dimethyl- 
aminoazobenzene (15, 23), p-monomethylamino- 
azobenzene (20), o'-methyl-p-dimethylaminoazo- 
benzene (8), or ai'-methyl-p-dimethylaminoazo- 
benzene (8). It is possible, therefore, that much of 
the effect of the vitamin is concerned with the 
detoxification of the azo dye or with resisting its 
immediate effects. 

Effect of choline, methionine, and nicotinamide. 
Group 26, Table 2, was fed 0.1 per cent of choline 
during the period of interruption. This is not a 
particularly high level of the vitamin in terms of 
current nutritional practice, but it is significantly 
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Iiif’licr lli.’iti Ilic 0.00.'! ppr cent in llie conlrol did. hill the iniinher of niLs with luitiors wji.s {idiialh* 
To hvo other groups O.Ti per cenl of inclhioninc greater in Ihe inethionine feci groiij) than in Ihc 
ivjis fell in llie diet: lliis is the amount of inctliio- controls, due to tiic relatively poor survival of the 
nine in a diet containing ‘24 tier cent of casein (S.l). latter (Table 2. groups 2.5 and 27). Thn.s .-ittemiils 
Still other groups received 0.20 per cent of nico- to minimize cirrhosi.s during the period of mterrup- 
tinamide added to Ihc basal diet from which all lion liy feeding choline and methionme had hlllc 
clmline was removed; this amount of nicotinamide elTccl on the final incidence of liver tumors, possi- 
could theoretically combine with all of the methyl bly because the degree of recovciA' after 4 weeks 
groujis in the 12 per cent of casein in the diet. was already maximal in the control animals. 

TABLE 2 

Livku Tcmous nvr. to m'DAB; EiTf.cT or Dir.T dcking tup. Piauoi) op ixTiiitntTTioN 
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1 he increased level of choline in the diet during On the other hand the incidence of liimor.s ap- 
Ihe intermediate period had no efTccl on the final peared to be increased when the diet fed during the 
tumor incidence: tumors developed in 75 per cent intermediate period was made low in available 
of the animals receiving the higher level of choline methyl groups by the addition of nicotinamide. In 
as cnnifKiix'd to 7S per cenl incidence in the group one scries the incidence was incrca.sed from 47 per 
nwiving the basal <liel (1 able 2. groups 25 and cenl in the group recei^^ng the ba.sal diet to 04 per 
2(>l. Methionine likewise apjiearcd to be without cent in the group that had received nicotinamide 
cfTect on the final tumor incidence when fed during (Table 2, groups 14 and 15). In another scries fll 
the tHTical of interruption. In the fir.st scries the per cenl of the animals on llie low methyl diet dc- 
incitlenee of tumors was 4 / per cenl in the conlrol vclopcd tumons as compared to only 40 per cent of 
group as cornp.'ired to 5:i per cent when methionine the control animals (Tabic 2, groups 1.0 and 21). 
was fed ( lablc 2. groups 14 and 17). In a second In a third scries the survival of the animals was 
.-erics the [lercenlagc of tumors in the group re- poor, and only 8 of 1,5 animals in the nicotinamide 
cei%ing methionine was les.- than in that receiving .supplemented group were alive at the termination 
the ba.sal diet during the period of interru[ition. of lIic experiment. In this .series no incrca.sed nurn- 
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ber of tumors was seen in the group fed nicotin- 
amide (Table 2, groups 25 and 28). The results of 
the three series, however, suggest that a dietary 
regime which prolongs cirrhosis during the period 
of interruption, thereby tends to increase the final 
incidence of hepatic tumors due to m'DAB. It is of 
interest in this connection that neither choline 
(20, 39), methionine (12, 39), nor nicotinamide 
(20) affected the incidence of liver tumors when 
these substances were fed with the carcinogen 
7?-dimethylaminoazobenzene or p-monomethyl- 
aminoazobenzene. 

Effect of caloric restriction. — Of all the dietary 
factors that have been studied in connection with 
carcinogenesis, caloric intake seems to have the 
widest effect; a reduced caloric intake decreased 
the rate of formation of spontaneous tumors of the 
lung (35) or mammary gland (36, 38), of skin tu- 
mors induced by hydrocarbons (36) or ultraviolet 
light (30), of subcutaneous tumors due to hydro- 
carbons (35, 36) and of leukemia (34) in suscep- 
tible strains of mice. Preliminary attempts have 
been made (7) to alter the caloric intake of rats re- 
ceiving j>-dimethylaminoazobenzene (DAB) and 
at the same time to insure an approximately equal 
intake of the carcinogen by the restricted groups 
and those fed ad libitum, since the carcinogenicity 
of the azo dye varies with the level of intake. Un- 
fortunately, however, an equivalent intake of dye 
by the groups restricted in calories could only be 
achieved by increasing the percentage of azo dye 
in the ration, and animals fed such concentrations 
failed to survive. 

The records of the voluntary intake of food by 
rats receiving azo dyes in protective or non-pro- 
tective diets (Table 3) fail to reveal any constant 
relationship between caloric intake and carcino- 
genicity. AATen the vitamin Be content of the ra- 
tion was varied, a decreased consumption of food 
(and azo dye) was associated with a decreased 
tumor incidence (21). An increase in the percent- 
age of corn oil from 5 to 20 per cent resulted in a 
decreased caloric intake, a decreased intake of dye,- 
but nevertheless a marked increase in tumor -for- 
mation (16). On the other hand, rats fed hydro- 
genated coconut oil voluntarily consumed more 
food and carcinogen than the control animals but 
developed fewer tumors (8, 20, 22). The addition 
of riboflavin to diets containing azo dyes usually 
results in an increase in the intake of calories and 
of carcinogen while the incidence of tumors is de- 
creased. In all of these experiments, however, 
dietarj'^ factors other than calories were varied, and 
the only conclusion that emerges is that the com- 
position of the diet apparently exerts more effect 
on the development of hepatic tumors than the 
amount of food eaten. 


However when the feeding of an azo dye is in- 
terrupted, it is possible to alter the caloric intake 
of groups of animals during the period of interrup- 
tion and still give equal amounts of azo dj'e to the 
restricted and the control groups during the pre- 
liminarj^ and subsequent periods. In the present 
experiment the restricted groups were given 62 to 
63 per cent as much of the basal ration during the 
period of interruption as consumed by the groups 
fed ad libitum. The restriction therefore was in all 
nutrients present in the basal ration rather than in 
calories alone. Tannenbaum (37) and Rusch et al. 
(32) have shown that for other tumors the effeets 
of restriction are essentially the same -ft'hether de- 
creased amounts of a complete ration are fed or 
whether the restriction is solely in the fat and 
carbohydrate in the diet with an automatic in- 
crease in the percentage of all other ingredients. In 
the present study some restriction in food intake 
was also necessary after the feeding of the azo dye 
was resumed. The control groups were well nour- 
ished during the period of interruption, and volun- 
tarily ate less when the feeding of azo dye was re- 
sumed. On the other hand, rats that had been par- 
tially starved during the period of interruption 
tended to “make up” for lost calories when given 
unlimited amounts of diet containing the azo dye. 
It was therefore necessary to equalize the intake of 
food and carcinogen during the first 10 to 14 days 
of the second dye feeding period, after which the 
consumption of food by the two groups was very 
similar. 

The rats restricted in calories during the period 
of interruption developed significantly more tu- 
mors than the unrestricted rats of the control 
group. In the first series the percentage of tumors 
was increased from 40 in the control group to 67 
in that restricted in calories during the intermedi- 
ate period (Table 2, groups 19 and 20) ; in the sec- 
ond series (groups 29 and 30) the incidence was 
raised from 62 per cent in the control ^oup to 93 
per cent in the restricted group. Thus, in contrast 
to the general observation that caloric restriction 
decreases the development of other types of tu- 
mors caloric restriction during the intermediate 
period increased the development of hepatic tu- 
mors in the present experiment. 

Effect of selenium.— In view of the reported car- 
cinogenic activity of selenium (25), its ability to 
damage the liver (19, 24), and a possible additive 
effect between selenium and the azo dyes (26). 5 
parts per million of selenium as sodium selenite 
were fed in the present experiment during a 4 week 
period of interruption between two 4 week periods 
during which 0.064 per cent ?n'DAB was fed. In 
two separate experiments there was a reduction of 
about 50 per cent in the incidence of liver tumors 
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when selenium was fed durinc: the iiifcnnediatc 
period. The incidences of tumors in the croiip-s fed 
selenium and in the control croups were '3-2 rx. 40 
per cent in one scries and ttJ rx. 02 per cent in the 
second (Table 2. groups 22 and 10. OI ami 20). 1 he 
animals receivung the selenium did not gain as 
much weight during the intennediate perio<i as the 
animats on the basai diet and tluring the second 
dye fee<iing perio<{ they actuaity g;iined weicht as 
compared to a loss of weight i>y the animals ifial 


Ejted of jn per cent of ror/i oil.— In a firevious 
experiment tumor formation was hastened by a 
diet containinc 20 per cent of corn oil fed simul- 
taneously with D.\]5 nO). In the present e.xperi- 
ineut 20 per ctmt of ami oil was fed during the 
perio<l of intemi})tion belwe<'n two 4 week periofls 
•hiring which wdX\lI was fed in the regular ba.-ui 
•liet containing .*> per cent of the oil. .Ml of the mts 
fe<i the higher level of com oil developed tumors as 
compaasl with an incidence of only 02 percimt in 
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had received the basal diet during the infennediati' 
perirKi. The slower gains by the anim.ais receiving 
the selenium dtiring the interme<liate peri'vl werv 
due in part to a decrease in foo<i intake, riub-*-- 
qtiently when selenium was mplaci-d by the aro 
dye. the consumption of foo<i and dye by the nils 
previously exposed to selenium was eitlier efpial to 
or gn.'atcr than that by the control gnmps. Ifemv 
the reduced tumor incidenci- cfjuhl not be a'crilKTi 
to a diminished intake of carcinogen, h'urfhermorc 
the decreased intake of f<Kwl during the infenrnali- 
ate peri'sl would have tended to increase tiie ulti- 
mate incidence of tumors (Table 2. groups 20 ami 
Thus the inhibiting ctlect of selenium on tu- 
mor developments was evident in spite of accom- 
panying influences in the ojiposite dia'ction. 
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tlie eontnd gnmp (Table 2. groups 20 and .0;?). 
’I hus the high level of corn oil was approviinately 
as ••ffeetive in sliumlaling tumor formation wlien 
fed in the absenr<' of the •lye as in ptvvioiis t-xperi- 
inetils in whicli a •!>••■ and tlie oil wen- fed simul- 
taneously. 

ilrpnlir rihojlnrin and riHiijidn!'{!ll!i ox ntTerli'd hii 
dll'! dtiritoi the pen'ot! of intrrrnplion.^ — .\s one ap- 
pnuich to the means by which the <iiet fed during 
the perio»i of interrufdion affects tumor incidence, 
fluommctric •Iclcniiinations (1. .•;) wen; made of 
riiiofiavdn in the livers of r.tts fiat O.OtU per cent of 
m'lXVn for 4 wt-eks followia! by 4 wet'ks on the 
Various •liels under eonsideralion. Livers from 

> W. I,. Atittrr. Jr.. in ■‘onir ef tin* nnalyticil etperi- 

nirnts. 


A^n i‘yr 

nvr? 

>r.vn 

r-'DVn 

c'llVB 
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rats fed high amounts of casein and ^ibofla^dn con- 
tained the highest concentrations of the vitamin, 
32.4 y/gram (Table 4). Kats fed a decreased 
amount of food likewise contained a high concen- 
tration of riboflavin, 29.9 y/gram of liver, al- 
though the total amount of vitamin per liver was 
low due to the small size of this organ. This con- 
firms previous observations (9). The concentra- 


mate incidence of tumors. The concentrations were 
verj' similar in the groups fed selenium, on which 
tumor incidence was retarded, and in those on a 
high level of corn oil on which tumor formation 
was accelerated. Furthermore, high concentrations 
of hepatic riboflavin in the group fed riboflavin 
and casein were associated with a doubtful de- 
crease in tumor incidence, while on the diet re- 


TABLE 4 

HEP.VTIC RinOFLAVIN AND HEAT COAGULAniLITA' OF LWER HOMOGENATES FROM RATS FEU 
m'DAB Followed for Various Periods by Diets Free from Dye 




Init. 

Final 

Food intake 


Riboflavin 

Coio. 

Diet and time 


WT. 

WT. 

on dye 

dye-free 

Liver 

7/liver 

y/gni. 

MINUTE 



gill. 

gm. 

giii./dny 

gill./ dny 





0 004% m'DAB 


235 

180 



Normal 

91 

10.5 


4 wks. 


202 

201 



u 

88 

10.5 




295 

245 



(( 

128 

15.9 



Av. 

204 

209 

9.9 



102 

10.3 


0.004% m'DAB 


247 

201 



Normal 

125 

10.2 

35 + 

8 wks. 


202 

241 



Cirrh. 

140 

12.9 

35 + 



305 

240 



u 

119 

12.5 

55 + 


Av. 

271 

229 

8.7 



130 

13.9 

35 + 

0.004% m'DAB 4 wks. 


250 

255 



Normal 

158 

18.4 


Basal 2 wks. 


253 

203 



({ 

107 

18.9 




325 

334 



(( 

190 

21.0 



Av. 

270 

204 

10.0 

15.0 


174 

19.0 


0 004% m'DAB 4 wks. 


235 

274 



Normal 

210 

22.7 

35 + 

Basal 4 wks. 


251 

272 



(( 

200 

21.0 

35 + 



308 

300 



(( 

220 

23.9 

35 + 


Av. 

205 

282 

9.2 

15.5 


212 

22.7 

35 + 

0 004% m'DAB 4 wks. 


295 

334 



Normal 

329 

20.1 

7 

High casein and ribo- 


203 

280 



(( 

425 

39.3 

10 

flavin 4 wks. 


232 

292 



il 

344 

31.8 

4 


Av. 

203 

302 

9.1 

10.7 


300 

32.4 

7 

0.004% m'DAB 4 wks. 


245 

259 



Fatty 

230 

19.7 

30+ 

Nicotinamide 4 wks. 


252 

205 




233 

17.5 

30+ 



301 

290 



u 

238 

10.0 

80+ 


Av. 

200 

271 

10.0 

17.4 


230 

17.9 

30+ 

0 004% m'DAB 4 wks. 


243 

209 



Normal 

173 

18.8 

30+ 

Selenium 4 wks. 


203 

212 



({ 

103 

21.4 

8 



288 

280 



(( 

230 

21.3 

30+ 


Av. 

205 

234 

8.0 

11 3 


189 

20.5 

8-30+ 

0 004% m'DAB 4 wks. 


239 

197 



Normal 

142 

29.0 

3 

Basal restr. 4 wks. 


271 

210 



(( 

137 

29.2 

25 



291 

219 



(( 

100 

30.8 

11 


Av. 

207 

211 

9 9 

9.0 


148 

29.9 

13 

0.004% m'DAB 4 wks. 


227 

259 



Normal 

195 

22.2 

30+ 

20% corn oil 4 wks. 


254 

289 



(( 

208 

22.9 

30+ 



213 

308 



{( 

210 

22.1 

30+ 


Av. 

231 

285 

10.0 

14.4 


204 

22 4 

30+ 


m'DAB = m' methyl p-dimetliylaniinoazoben/cne. 


tions of hepatic riboflavin in the groups fed seleni- 
um or 20 per cent of corn oil during the period of 
recoverj'^ were essentially the same as those in the 
control group, 22.7 y/gram, while rats fed nicotin- 
amide contained relatively low concentrations of 
the vitamin in the liver, 17.9 y/gram (Table 4). 
Feeding of the basal diet for 8 weeks after the dye 
feeding period only increased the concentration of 
riboflavin slightly (24.5 y/gram) over that found 
at 4 weeks (22.7 y/gram), and 12 -weeks on the 
basal diet had no further effect (23.5 y/gram). 

Thus the concentration of hepatic riboflavin at 
the end of the period of interruption did not ap- 
pear to be the primarj" factor affecting the ulti- 


stricted in calories a high concentration of ribo- 
flavin was associated with an increased incidence 
of tumors. 

Parallel studies were made of the coagulability 
of homogenates from the same livers analyzed for 
riboflavin. Tumor homogenates or liver homoge- 
nates from rats receiving in'DAB for 3 or more 
weeks fail to coagulate upon heating, while homo- 
genates from rats on control diets or on diets con- 
taining non-carcinogenic azo dyes coagulate in 3 
to 5 minutes (10). In the present study coagula- 
bility was determined by the original method (10) 
except that the livers were not perfused. Liver 
homogenates from rats fed m'DAB for 4 or more 
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weeks fiiilcd lo coagukite on hciiling unci this fail- 
ure in coagulabilily was cviclcnl even after a re- 
covery period of 4 weeks on inosl of the diets fR’C 
from dye. Homogenates frotn rats fed re.strictcd 
amounts of the husa! ration or from those fed the 
diet high in casein and riboflavin coagulated in Id 
and 7 minutes respectively- Since coagulation is 
influenced by a number of factors including the 
total concentration of coagulable protein (10), of 
fatty acids (3), or of nucleoprotcin (4). the rela- 
tively rapid coagulation of livers from the re- 
stricted group.s is presumably due to an alterc-d 
concentration of one or more of these factors. 

DISCUSSION 

The intermittent application of carcinogenic 
hydrocarbons (31, 18), of ultraviolet light (31) or 
of llie.se carcinogens and apfiropriate co-carcino- 
gens (2) has previously been observed to result in 
a rca.sonably high incidence of tumors. In the pre.s- 
cnl study the feeding of H/'metliyI-/Mlimethylami- 
noazobenzene was interrupted for periods of 1 to 3 
months and a high incidence of he|)atic tumors 
also ob.scrvcd. These different types of tumors 
therefore arc similar in that the initial application 
of a subcarcinogcnic dose [iroduces changes which 
persist for a long time, with siibscfiuent subcar- 
cinogcnic treatments being suflicicutly additive lo 
give rise to ncoiiiasms. Further evidence for the 
persistence of subcarcinogcnic changes in the liver 
of rats fed the azo dye for 4 weeks is the fact that 
the failure of homogenates from such livers to co- 
agulate on healing [lersisted for at least 4 weeks 
after the administration of dye was di.scoulimied. 

Tlie various incidences of tumors in the groups 
fed different diets during the period of interruption 
.suggest that the elTects of <iiel previously observed 
need not all be inscribed lo an altered metabolism 
of the carcinogen. The increa.sed percentage of 
tumors ob.serverl when the calorie intake of the 
rats was restricted during the intermediate period 
may be related to the [ilienomenon of liver regen- 
eration rather than lo the caloric effect /irr xr that 
is .so im|)orlant for other types of neojilasms. 'Phe 
livers of rats restricted in calories during the period 
of interruption averaged only .'!.() grams in weight 
as compared to f).3 grams for the controls fi'd ml 
lihitum during this period. During the final period 
of dye feeding the undersized livers increa.serl in 
size, and this increa.se was taking place while car- 
cinogen was pre.scnt in the liver. 'Phe e.Nperinienl. 
therefore is somewhat, analogous lo that in which 
proliferation in .skin expo.sed lo hydroearliou (17) 
or to a virus (27) hastens carcinogenesis. 

Other nutritional effecls appear to be related lo 
the condition of the liver when the second feeding 
of dye was begun, (firrhosis due to an azo dye [ler- 


sists longer when nicotinamide is fed than on an 
ordinar>- diet (20), and the rats fed nicotinamide 
during the intermediate (icriod still had cirrhotic 
livers when the feeding of the carcinogen was re- 
sumed. Livers of rats fed 20 per cent of corn oil 
during the intermediate |)eriod did not aiipcar cir- 
rhotic although they were .somewhat fatty when 
the fceiiing of the dye was resumed. 

The other cirrhosi.s-producing agent studied, 
.selenium, retarded the formation of tumors due to 
ai'D.VB in spile of the reported carcinogenicity of 
the element itself. However carcinogens are not 
always additive: examples of carcinogens that do 
not reinforce one another include hydrocarbons 
and nllraviolel light (20), urethane and methyl- 
cholanthrene (13). and urethane and /Mlimethyi- 
aminoazobenzene (14). In a previous study in this 
laboraloiy no consistent additive effects between 
selenium and the azo dyes were observed when 
selenium was fed with the <lye or after it (2li). .\t- 
lenifils to demonstrate an additive effect between 
azo dyes and 2-acel.v!-aminofluorene have like- 
wise been unsuccessful ((<). 

.<U.MM.\HV 

1. m'.Methyl /i-dimelhylaminoazobenzcnc was 
fed to rats for 8 weeks, either continuously or in- 
terrupted for periods of 2 to 12 weeks. Tumors de- 
velopeil in the livers of all groups, the number de- 
pemiingon the length of the period of interruption. 

2. AYhen 0.1)1! 1 per eeni of lhi“ rlyc was fed for 
two 4 week periods .sejiaraled by a 4 week period 
during which various <i.ve-free diets were fed. the 
final incidenee of tumors ilepended upon the iliet 
fed iluring the inlermediat<> period. 'Pumor inei- 
<lenee was iuereased by diets eonlainiug 0.20 per 
cent of nicotinamide or 20 per cent of corn oil or 
when the amount of basal diet fed during this pe- 
riod was restricted lo 03 per cent of the calories 
consumed by the control grou|). 'Pumor incidmict' 
was decrea.sed by a diet containing o parts per mil- 
lion of .selenium, .\ diet containing 24 per cent of 
ea.sein and 20 mg. of riboflavin per kg. during the 
period of interruption reduced the incidence of 
tumors in oiu' experiment and had no effect in two 
others. Choline or methionine fed during the inter- 
mediate period had no effect on tumor iueideuee. 

3. Homogenates of livers from rats fed the dye 
for 4 weeks failed lo coagulate with heal. 'Phis de- 
erea.sei! coagulability persisted for at least 4 weeks 
on most of the dye-free diets fed, 'Phe percentage 
of tumors that developed on the various diets did 
not apiiear to be related lo the coagulability of the 
liver homogenates when the fe<>ding of azo dye was 
resumed nor lo the eoneentralion of heiialie ribo- 
flavin at this time. 
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Early Changes in the Lnngs of Rats Xreated 
with Urethane (Ethyl Carbamate) 

A. Rosin, M.D.* 

(From the Dcpartmcnl nj Exj^rimmlal Pallmlnm/, Tlir llehrnr Vnirmilti, Jmifahm. Israel) 


In Uic course of sbulies on U>c curly cluiuRcs in 
Ihc livers of rals injected daily for .several days 
with urelhane (2), we noted proliferative cliaiif'cs 
in the cpilheiial elements of tlie luiiR. lYe decided 
to investigate the nature of these changes. In tlie 
meantime Nettelship. Hen.shaw, and Meyer (7) 
published observations on CJllI mice treated for 
several months with weekly doses of urethane. 
They found a much higher incidence of lung tu- 
mors than in the untreated CtJlI mice and a much 
earlier appearance of the tumors than iisual. '! he 
tumors, which were seen 2 to .‘i months after the 
beginning of the treatment, were described as 
adenomata. 

.Inffc (o) observed the same type of lung tumors 
as reported by the former authors in rats fed or 
injected with urethane after a period of more than 
9 months. Guyer and Claus (4) found that inlra- 
pcriloncal injections of urethane induced tlie for- 
mation of multiple pulmounrj' adenomata in the 
majority of 01 treated rats. Smaller foci which 
seemed to precede the tumors were detecle<l us 
early as 8 to 10 weeks after the first treatment. 
Orr (9, 10) treated mice with urelhane and found 
adenomata in the lungs of .78.4 per cent of the 
treated animals. The earliest adenomatous changes 
occurred after 2J months. Noble and Millar (8) 
injected white mice with a 2.7 per cent urelhane 
solution in a per cent zinc acetate. 'I'liey ob.scrvcd 
lung adenomas after .8 to 4 months, llesides the.se 
tumors they found lymphosarcoma in 2 mice and a 
malignant hemangioendothelioma in one. Selbie 
and Thackray (12) ob.served lung tumors in 100 
per cent of CBA mice 7 months after intraperi- 
toncal injection of urethane. 

In our observations adenoma-like formations in 
the lungs of rats treated with daily injections of 
urelhane were observed by micro.sco()ic examina- 
tion as early as 4 to .7 days after the first injection. 
Tliis rapid development was rather unusual and 
wc refrained from publishing our rc.sulls. We 
sought for adenomata in the lungs of the normal 
rats of our colony without, however, finding them. 
Recently Smith and Rous (1.8) rejjorled having ob- 


served lung adenomata in newborn nils, from a 
mother injected with urelhane sevenil ilays before 
juirlurilion. 'I'he tumors were seen as early as 10 
days after the first administration of urethane. 
The early changes in the lungs of nits Iri'aled with 
urethane arc described in the present paper. 

M.tTKUI.U, .VNl) MKTHOl).'^ 

Albino rals weighing from 00 to 200 gms, were 
H.seri for lhe.se experiments. rR'Ihane (ethyl e.arba- 
male) in lOjiereeiit aipieous solution was injeeted 
inlraperiloneally in doses of 1 ce. per 100 gms. 
body weight. Animats which <lid not die as a result 
of treatment wert' killed with ether. 'I'iic lungs 
were removed, injected through the bronchi with 
Zenker's fluid and then fixed. I’aniffin-oeiloidin 
.sections .7 p in thickness were stained with hema- 
loxylin eosin, Giemsa’s slain, and in some cases 
with methyl grt'cn-pyronin. 

RKSn.T.S 

On gro.ss examination the lungs of the experi- 
mental animals were often congested and edema- 
tous, but in no inslanctJ were nodules observed. 
Microscopic examination revealed that (5 out of 28 
rats had undoubted adenomatous or papillomatous 
formations. Seventeen showed marked prolifeni- 
lion of the bronchial e()ilheliuni with ilowngrowlh 
into the respiratory bronchioles and alveolar ducts. 
In some, proliferation of the lining cells of the pul- 
monary alveoli was ob.served. I'ivc animals 
showeil no changes at all. 

'riic animals with undoubted adenomatous or 
papillomatous formations died or were killed 4. 5. 
7, ami 18 days after the first injection of un-thano. 
The 17 rals of the second group died or were' killed 
after 2 to 29 days. The rats which .showed no 
changes were killed after .7 and 5) days. 

Ih'shhii }!. — In rals treated with daily injections 
of urelhane which died after 2 to 4 injections, i.e. 
after 2 to 8 days from the beginning of the exireri- 
inent. edema was observed in .some areas of the 
lung. Here the alveoli were filled with homogene- 
ous pink-staining fluid. The blood vessels were sur- 


He.search Follow of Iho Ilohrow 1’ttivor.sily. 


rounded hy large nng-sliapcd i^j)aces coidaimni 
homogeneous ])ink fluid in which some dislendei 
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fibers of connective tissue could be discerned. In 
other places the capillaries were engorged with red 
blood corpuscles and here and there hemorrhages 
were seen in the parenchyma. Sometimes slight 
emphysema was seen in the peripheral areas of the 
lobe. The mucosa of the large bronchi was swollen 
and hyperplastic. In a great number of bronchi 
there were large folds of redundant mucosa which 
sometimes filled the lumen of the bronchi. The 
bronchial epithelium, however, remained in a 
single layer. The epithelial cells of the bronchi con- 
tained several nuclei lying close together and form- 
ing rows. Mitoses were rare. Sometimes a few poly- 
morphonuclear leukocytes could be seen in the 
lumen of the bronchi. The lining cells of the alveoli, 
especially of those which lie close to bronchi, were 
swollen and protruded into the alveolar lumina. 
Often numerous cells could be seen e.xtruding into 
the lumen of the alveolus. 

The most remarkable tumor-like formations 
were seen in animals which were treated with 4, 6, 
or more daily injections of urethane. In one animal 
which died 4 days after the first injection the ma- 
jor part of one lobe consisted of consolidated tissue 
containing all types of round and spindle cells and 
a few polymorphonuclear leukocytes. This solid 
tissue contained numerous papilloma-like forma- 
tions apparently originating from bronchioles 
(Fig. 1). They were found in the neighbourhood of 
blood vessels and were generally lined for short 
stretches by a muscularis layer. Their size, how- 
ever, did not correspond to the size of the vessels, 
since they were very large, extending into the lung 
parenchyma; they were not limited by a capsule. 
They contained long papillomatous processes 
which sometimes nearly obstructed the lumen. 
The papillae consisted of a small fibrous stroma 
and high cylindrical cells, often ciliated. In places 
the cylindrical cells seemed to extend into the 
alveolar ducts. This was especially noticeable on 
the border between the solid and air-containing 
tissue. Here large air spaces could be seen lined 
with cylindrical epithelium which slowly trans- 
formed into cubical epithelium and eventually 
flattened completely (Fig. 2). The alveolar septa in 
the air-containing tissue were rich in cells. There 
was no edema. 

In another animal, killed o days after first injection 
of urethane, tumor-like formations were seen at different 
places and in different lobes. They were tubulo-papillom- 
atous or adenomatous structures around a lumen. Some 
of these formations seemed to originate from respiratory 
bronchioles with highly proliferated mucosa showing 
papillomatous processes (Fig. 3). The papillae consisted 
of a very thin capillary loop with supporting connective 
tissue covered by a tuft of high cylindrieal cells. The nu- 


clei of these cells were numerous and approximately equal 
in size, round or oval, with fine chromatin threads and 
one clearly visible nucleolus. They were densely packed 
at the bases and in the long axes of the cells. Mitoses 
were scanty. 

These formations were sometimes bordered for short 
stretches by a muscularis, while at other points no 
boundary was visible and there was no definite capsule / 
(Fig. 4). Sometimes the proliferating cells invaded the 
neighbouring tissue, so that numerous small tubular 
formations could be found adjacent to one large cysto- 
adenomatous structure (Fig. 5). These small tubules 
were lined with cubical cells. Between the tubules 
numerous free proliferating cells with clear round or 
oval nuclei and basophilic cytoplasm could be found. 
The cytoplasm stained deeply pink with pyronin. Mi- 
toses in these cells were very numerous. The whole 
proliferative area contained numerous histiocytes, 
round cells, and fibroblasts. Polymorphonuclear leuko- 
cytes were scanty. 

In another lobe adenomatous structures were seen. 
Some of them seemed to originate from bronchioles 
whose epithelial cells had proliferated and grown down 
into the alveolar ducts. Sometimes a backward growth 
of epithelial elements into the adjacent lung tissue 
could be seen. Otlier adenomata showed the features of 
alveoli invested by a continuous layer consisting of a 
single row of high cylindrical cells (Pig. 0). The nuclei 
of the cells were regular in size, round or oval, and la.v 
in the long axis of the cell. Mitoses were not seen. 
There was a slight fibroblastic reaction in the sur- 
rounding tissue. 

Almost all the bronchioles of the lobe showed pro- 
liferation of the mucosa. Sometimes poliTsous processes 
in the lumina of smaller bronchi were found either free 
or in connection with the mucosa. The respiratory bron- 
chioles and alveolar ducts were often covered by high 
cubical or columna cells. 

After 7 days in addition to tubulo-papillomatous 
formations, an intense proliferation of the lining cells 
of the pulmonary alveoli could be observed. There 
were alveoli lines with cubical cells, some of them in 
mitosis. In other places the alveolar ducts and alveoli 
were covered by high, cylindrical, mucin-secreting 
cells (Fig. 7). The nuclei of these cells were numerous 
but mitoses were scanty. Often several sueh adenomatous 
formations were found in groups and surrounded by fibro- 
blastic tissue (Fig. 8). The picture resembled the “mu- 
cous epithelial hjTJcrplasia” described in man by 
Taft and Nickerson (14). Sometimes transition of the 
high cylindrical cells to more cubical cells and eventu- 
ally to the proliferating alveolar cells was clearly ob- 
served. The latter were verj' numerous. Mitoses were 
present. 

In animals in which the changes were not so obvious 
an extensive downgrowth of cubical cells into the alveo- 
lar ducts could always be noted. In some animals there 
■was intense proliferation of the mucosa of the bronchi 
so that their lumen was sometimes obstructed by 
epithelial masses. 

In animals subjected to a course of treatment of 
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12 to 18 days duration inflammatory processes with an 
abundance of polymorphonuclear leukocytes were the 
most prominent feature. These inflammatory processes 
always caused the death of the animal. Hero large 
areas of the lung tissue were dc.stroyed and filled with 
masses of leukocytes and detritus, Nevertlielc.ss there 
were some animals which showed proliferative changes 
of the above described nature. In one rat which re- 
ceived injections of urethane in a period of 18 days and 
died on the twentieth day inflammatory infiltration of 
tlie lung was found together with intense proliferation of 
the epithelial cells of the bronchioli which formed several 
layers and contained abundant nuclei often in mitosis 
(Fig. 9). The proliferating cells occasionally grew 
backwards into the peribronchial tissue. Here fibro- 
blastic reaction was evident. 

DISCUSSION 

Our observations reveal that 21.4 per cent of the 
young adult rats treated with daily intrapcritoncal 
injections of urctlvanc deve!oi)cd adcuouia- and 
papilloma-like formations in the lungs from fi to 111 
days after the first injection. The majority of the 
other treated animals without frank adenoma 
showed hyperplasia of the bronchial mucosa, jiro- 
liferation and downgrowth of bronchial cinthe- 
lium, and proliferation of the lining cells of Ihc {»ul- 
monarj' alveoli. 

The first changes, which could be observed as 
early as 48 to 72 hours after the beginning of treat- 
ment, were a conspicuous edema around the ves- 
sels, and in the pulmonarj' parenchyma vascular 
congestion and sometimes hemorrhages, and .si- 
multaneously hyperplasia and [irolifcration of the 
bronchial epithelium. The epithelial layer of the 
bronchi was extensively folded and in some place.s 
there were papillary processes obstructing the lu- 
men. Here and there mitoses were seen. A.s e.'irly 
as 4 to IS days after the beginning of treatment, 
besides a proliferation of all epithelial elements — 
bronchial as well as alveolar — (umor-iike forma- 
tions were seen. They were of two imiin types, jis 
de.scribcd also by Orr (9, 10). namely adenoma- 
tous and lubulo-papillomatous structures. In .some 
animals both types as W'cll as Iran.silional stages 
were observed. 

The adenomatous type was re[)rc.sented by 
.alveoli lined with cubical or high columnar cjiithc- 
lium, sometimes .secreting mucin. Several such for- 


mations lay together, sometimes surrounded by 
fibroblastic tis.sue. The picture rccjillcd that de- 
scribed by Cowdrj’ (1) as “.lagzicktc” and by 
Dungal (3) a.s epizootic adenomatosis in shccf). 
similar process was reported in man by Taft and 
Nickerson (ba) as “Pulmonarj' mucous hyper- 
phi-sia.” Willis and Briitsacrt (17) noted forma- 
tions of this kind in guinea pigs treated with silica 
dust. 

The second Ij-pe showed predominanth' tubulo- 
papillomaloiis formations. The papillomatous villi 
consisted of a capillarj' loop with a laj'cr of connec- 
tive tissue, covered bj- epithelium, .sometimes 
ciliaicfl. 'J'hesc formations were .sometimes bor- 
dered for short stretclics bj' a thin musculiiris 
layer, whereas .-it other points no demarcation 
could be seen iind there w.-is backw.ard growth into 
the surrounding lung tissue. These structures were 
.somewhat simil.'ir to the |)a()illomata de.scribcd bj- 
iMagnus (ti) in the lungs o' mice treated with 
l,2,;),(>-dibcn'/.athracenc. The surrounding lung tis- 
sue was mostlj' collap.sed and contained spindle 
cells, round cells, and :i few polj'inorphs. 

Uegarding the histogenesis of the )>rocess. it 
.seems that the first stage is the edema of the lung 
ti.ssuc followed verj' earlj' bj' ii simultaneous pro- 
liferation of the epithelial and mesenchj'iual ele- 
ments. The jiroliferation of the e[)ilheliuni begins 
in the larger bronchi, descends rajiidlj' into the 
rcspinitorj' bronchioles iind alveolar ducts, jind 
cvcntuallj' involves the lining cells of the .•ilveoli. 
The proliferation of the me.scnchj'nml cells seems 
to be a .secpiel to the cilema. 

Orr (9. 10) pointed out that the proliferation of 
lung epithelium .after treatment with urethane is 
the re.sult of a chronic inllammatorj’ jiroce.ss. How- 
ever, he noted the paucitj- of leiikocj'tes. His o.tr- 
liesl observations were on mice which tlied 70 daj’s 
after the beginning of the experiment, .‘^elbie and 
Tliackraj' (minted out that the tumors observed bj- 
them in CHA mice after trciitmeut with urethane 
are not (jreceded bj' (meumonic ch.anges. Our ob- 
.servations suggest that the alveoli become (lartlj' 
filled with edematous fluid as a .soc|uel to the con- 
tinuous oflect of urethane on the va.scular sj'stcm, 
and (wrts of the lungs are colla|)sed. Simultaneous- 
Ij' (iroliferation of all cell elements occurs. Whether 


Fio. .5.— Same rat. Nmncroiis siimll, lulailar fornialioiis 
and prolifemting celts ntljaceiil to one large, cy.sla(lciiotnatoiis 
structure. XHO. 

Fio. G.— .Same rat. Alveoli iuvc.stcd liy a layer of liigli 
cylindrical cells. X200. 

Fig. 7. Rat 333, treated with 0 inlraperiloncal injcetioii.s 
of urethane on 0 consecutive days amt killed on the .seventli 


day. Atveotar ducts and alveoli covered hv liigli cvlindrical 
cells. X2fl.'!. 

Fig. 8. — Same rat. Group of adenomatous formnlions .sur- 
rounded hy fibrotila.slic ti.s.sue. XIOI). 

Fio. 0 . Rat .730, treated with 14 intraperitoneal injection.s 
of urethane over a period of 18 day.s. The animal died after 
20 days. Rroiichiolar mucosa showing imiliferation of the ejii- 
tliclinl ceils. Some celts in mitosis. X380. 
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this cell proliferation is due to the influence of 
urethane or to some virus present in the lungs of 
the animals and activated by urethane, is not 
known. Investigations are in progress on the fate 
of the described epithelial proliferations, to deter- 
mine M'hether they are permanent or reversible. 
The minor incidence of adenomatous formations in 
lungs of rats treated for 12 to 18 days with daily 
injections of urethane may be due to the destruc- 
tion of large areas of the lung tissue by extensive 
inflammatory processes with abundant poly- 
morphonuclear leukocytic infiltration. 

The problem of the rapid development of the 
observed tumor-like formations remains. There is 
a very slight possibility that these changes in the 
lungs of the experimental animals might have oc- 
curred spontaneously, though we were never able 
to observe changes of a similar nature in the lungs 
of control rats or of hundreds of rats of the same 
stock treated with other substances. Dr. E. J. 
Farris, Executive Director and Associate in Anat- 
omy, The Wistar Institute, Philadelphia, informed 
us that he has never observed these changes in 
large colonies of normal rats. 

The changes seen by us are only microscopic 
foci and our experience with tissue cultures of 
lungs (11) leads us to believe that proliferation of 
epithelial cells can be very rapid. There are also 
some reports of rapid proliferation of epithelium in 
the lungs of experimental animals. Straub (14) ob- 
served proliferation of epithelial cells of the re- 
spiratory bronchioles and the alveoli with numer- 
ous mitoses in the lungs of mice infected with in- 
fluenza virus as early as 5 days after the infection. 
Thornton and Adams (16) saw changes in the 
bronchial epithelium from typical to transitional 
epithelium as early as 5 to 7 days following appli- 
cation of benzopyrene in rats. Smith and Rous (12) 
observed adenomata in infant mice, when the 
mother had been treated with urethane before par- 
turition; the adenomata were found 10 days after 
the first injection into the mother. The authors 
think that the rapid development of the tumors is 
due to “conditions implicit in the youth” of the 
cells “which already possess a natural tendency to 
divide.” Our observations show that rapid devel- 
opment can also occur in young adult rats. In both 
cases the reduced respiration either in the days 
before birth or as a consequence of the deep nar- 
cosis induced by urethane may favor the prolifera- 
tion of epithelium. 

It must be assumed that urethane has a growth- 
promoting effect on the epithelial cells of the lung. 
On the other hand, urethane is knorni to be a 
capillary poison, augmenting the permeability of 
the capillarj" wall. The lung tissue, filled with ex- 
travasated plasma, offers a verj^ suitable environ- 


ment for the proliferation of cells as is known from 
many pathological conditions. Possibly this com- 
bined effect facilitates the rapid development of 
tumors in the lungs. 

SUMMARY 

Proliferation of the epithelial cells of the lung 
was observed in rats treated with daily intraperi- 
toneal injections of urethane. Adenomatous and 
papillomatous formations were microscopically ob- 
served as early as 4 to 13 days after the first injec- 
tion. The histology of these early changes is de- 
scribed and their histogenesis discussed. 
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Further Studies of the Immunological Properties of Poly- 
saccharides from Serratia viarcescem (Bacillus prodigiosus) 

III. Passive Immunization Against the Lethal Activity of the 
Polysaccharides with Fractions of iMouse Antiserum 
Elicited by a Single Injection of Polysaccharide* 

Hugh J. Creech, Ph.D., and Reed F. Hankwitz, Jr., B.S. 

(From the Laiikciiaii Hospital Ilcscarch Institute anil The Institute /nr Cancer itesrareh, Fhitailclphia .',0, I’ennsi/lrania) 


In previous work (1 lo 4), it was dcnionslralcd 
that mice could be protected against the lethal ac- 
tion of polysaccharides from Serratia marccsccnx 
bj' procedures of passive iinnuinization which, in 
certain instances, did not seem to interfere with 
the tumor-necrotizing action. Moderate amounts 
of the serum globulin fractions from rabbits given 
multiple injections of the polysaccharides afTorded 
mice substantial protection only against the lethal 
action of polysaccharides from the homologous 
strain of organism. When greater amounts of the 
rabbit globulin fractions were used, it was noted 
that the mice were protected also against, the sero- 
logicallj’’ unrelated poly.saccharides from a differ- 
ent strain of organism. Globulin fractions from 
sera of mice gb’en a single injection of polysac- 
charide were found to afford mice bearing .sarcoma 
37 considerable protection agJiinsL the homologous 
polysaccharide and also, in one test, against the 
heterologous polysaccharide (3). Active immuniza- 
tion of the mouse with the polysaccharides seemed 
to confer an entirely non-.specific i)rolection (.3). 
Because of the indications of lack of strain .sj)eci- 
ficity in the mouse compared with the rabbit, it 
was considered of interest to study in greater de- 
tail the effects of passive immunization with inou.se 
antisera. As the supplies of these particular prepa- 
rations of polysaccharides arc nearly cxlumstcd 
and since our plans for future investigations with 
new preparations are different from those already 
described, it seemed advisable to present the fol- 
lowing results as a concluding report of this ])hasc 
of the study. 

* Tlii.s rc.searcli was supported in part I)y an American Can- 
cer Soeiety grant recommended by llie Committee on (Jrowlli 
of tile Xntionnl Research Council, and by a grant from the 
National Institute of Ilcaltb. 


KXI’KIIIMKNTAL 

The prepttriilions of the polysaccharide-lipid 
complc.K tised in this work were P-10. P-10;i. :ind 
P-20 from the 724 str.-iin of Serratia viareeseeiis jmd 
P-3.AI and P-3.Ls from the G.V. stniin. As before. 
tho.se luuteriiils were supplied lo us by Dr. AI. .T. 
Shear of the Chemolhenipy Section of the Nation- 
al Cancer Institute. 

Except for one special experiment. 7- lo 8-week 
old Swi.ss mice from our stock colony were injected 
inlraperitonetilly with 100 7 of ti preptiralion of 
poly.saccharide tmd exstinguinatcd by heart pimc- 
ttire either 3 or 14 dtiys Itiler. The serum was frac- 
tionated willi ammonium sulftite into the globulin 
aiul albumin components. After ditilysis, deter- 
iniiiiilion of the jtrotein content by micro Kjeldahl 
analysc.s, anti adjustment of the jirolein level lo 
10 lo 1;> mg. ])er cc., a 1-cc. tpumlity of the jirotein 
in jdiysiologic saline was injected inlrii])eriloneal- 
ly into 7- to 8-week old Swiss mice bearing s.'ircoma 
37 which had grown lo a diameter of 12 to 1.7 mm. 
Three hours hi ter. these mice were injected iiitni- 
peritoneally with 0..7 cc. of a saline solution of the 
amount of polysaccharide which ordinarily kills 
about 70 ])cr cent of a grouj) of tumor-bearing 
Swi.ss mice. Control groups of mice injected only 
with the jiolysaccharide, and groups injected with 
either bovine serum albumin or the globulin fnic- 
lion from normal Swiss mice jirior lo the atlminis- 
Inilion of jiolysaccharide, were included in the e.x- 
Iierimental series. 

BKSUl/rS 

The ob.scrvations noted in the series, of tests 
have been comjiiled and smnmarized in the ac- 
comiianying table. When (iOO 7 of the jiolysac- 
charide P-lOa (724 strain) was administered to a 
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total of 85 tumor-bearing Swiss mice, it was found reduction in the mortality rate was noted follow- 
that 73 per cent of the mice died within 24 hours ing the use of the globulin fraction from sera of 
and 81 per cent died Avithin 96 hours (line 1). This mice obtained 10 days after the in]cclion of 250 y 
96-hour mortality rate Avas assi^ed a ratio of 1 in and 400 y of P-20, spaced 7 days apart, into Swiss 
the last column of the table. Prior injection of the mice bearing sarcoma 37 (glob. S/P-20, line 11) 
mice AAuth either boAune serum albumin or Asuth the and after injection of 100 y and 800 y' of P-20, 
globulin fraction from blood of normal 8-AA^eek old spaced 4 days apart, into normal Swiss mice (glob 
Swiss mice at ratios of protein to polysaccharide N/P-20, line 12). 

of 16 to 25 afforded them little protection against These observations Avere confirmed in a separate 
the lethal action of the polysaccharide (lines 2 series of tests in which a 500-y amount of P-lOa 
and o). .A. study was also made of the influence of AA^as used as the lethal dose. Of the serum globulins 
a passwe transfer of the serum albumin fraction obtained from the mice 3 days after a single injec- 
frora mice given a single 100-y injection of P-10, tion of polysaccharide, it is seen that the globulin 
This fraction isolated from blood obtained 3 days fraction of antiserum elicited by P-10 was highly 


TABLE I 

P.ASSiVE Immunization of Saatss Mice Beahing Sarcoma 37 Using Fractions of Sera from 
SuTss Mice I.smected with Poea’saccharide 


LrxE 

Moose serum 

PROTErX 

POLV. 

Amt. in y 

Ratio: 

pkotein/poly. 

No. OF 

MICE 

Per CENT nEAtns 

In 24 hrs. In J)C hrs. 

Ratio (9G hr. 

mortality): 

e.yft./coxtiiol 

1 


P-lOa 

600 

0 

85 

73 

81 

1.0 

o 

Glob./normal 

« 

« 

lG-25 

46 

50 

61 

0.75 

3 

Bov. ser. alb. 


u 

tt 

34 

47 

05 

0.80 

4 

Alb. 3/P-lO 

a 

u 

20 

18 

50 

56 

0.69 

5 

Alb. 14/P-lO 

(( 

u 

H 

21 

57 

76 

0.94 

6 

G)ob. 3/P-lO 

« 

u 

16-25 

23 

17 

26 

0.32 

7 

Glob. 14/P-lO 

« 

u 

u 

24 

17 

21 

0.26 

8 

Glob. 3/P-20 " 

H 

u 

u 

28 

25 

43 

0,53 

0 

Glob. 14/P-20 

n 

u 

tt 

31 

19 

19 

0.23 

10 

Glob. 3/P-3.M 

(( 

u 

tt 

42 

43 

48 

0.59 

U 

Glob. S/P-20 

<( 

<( 

le 

10 

10 

10 

0,12 

12 

Glob. N/P-aO 

n 

u 

« 

20 

10 

15 

0.19 

IS 


u 

500 

0 

16 

31 

50 

1.0 

14 

Glob. 3/P-lO 

u 


20 

9 

0 

0 

0 

IS 

Glob. 3/P-20 

(( 


20 

8 

0 

25 

0.5 

10 

Glob. 3/P-3.M 

n 

a 

20 

16 

38 

50 

1.0 

17 


P-3.Ls 

300 

0 

30 

63 

77 

1.0 

18 

Glob. 3/P-3.M 

(( 

(( 

50 

14 

29 

29 

0.38 

19 

Glob. 3/P-3.M 

(( 

u 

100 

10 

30 

30 

0.39 

20 

Glob. 14/P-lO 

» 

u 

50 

8 

50 

63 

0.82 

21 

Glob. 14/P-20 

a 


50 

9 

67 

67 

0.87 


after the injection exerted a slight protectiA'e ac- effectiAm and that by P-20 Ai^as only moderately 
tion (line 4) ; when obtained at 14 days, the albu- effective, whereas the globulins from sera of mice 
min fraction was ineffective against the lethal ac- injected with P-S.M showed no protectiA-e action 
tion of P-lOa (line 5). against P-lOa (lines 13 to 16). 

From lines 6 and 7, it is seen that the injection In another series of tests in which 300 y of the 
of the globulin fraction (glob. 3/P-lO and glob, polysaccharide P-3.Ls from the GAY. strain was 
14/P-lO) from sera of mice obtained either 3 or 14 employed as the lethal dose, it was observed that 
days after a single injection of P-10, had a pro- the globulin fraction of mouse sera obtained 3 days 
nounced effect in decreasing the lethal activity of after a single injection of 100 y of P-S.M conferred 
the polysaccharide P-lOa. The globulin fraction of a substantial degree of protection on the mice 
sera toward a different preparation (P'20) of poly- (lines 18 and 19). The globulin fraction of mouse 
saccharide from the same strain of organism ap- sera obtained 14 days after a single injection of 
peared to be less protective AA'hen obtained on the 100 y of P-10 or P-20 had no significant effect 
third day than on the fourteenth day (lines 8 and (lines 20 and 21). 

9) Prior injection with the globulin fraction from These results substantiate and extend our ear her 
sera of mice obtained 3 days after a single 100-y findings (3, 4) that protective antibodies were elic- 
injection of the P-3.M polysaccharide (G.W. ited rapidly in the mouse by a single injection of 
strain) afforded the mice slight protection against polysaccharide. They also demonstrate that globu- 
the lethal action of P-lOa (line 10). An extenshm lin fractions obtained from mouse sera followmg a 
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single injection of P-10 polysaccharide afforded 
mice a high degree of protection against the lethal 
action of that polysaccharide at relatively low 
globulin to polysaccharide ratios of 16 to 25. Sim- 
ilar extents of protection against P-10 were noted 
previously only with globulin to polysaccharide 
ratios of about 100 when the 7 -globulin fractions of 
rabbit antisera elicited by a scries of injections of 
P-10 were employed (3). 

In addition, the serum globulin fractions from 
mice given a single injection of the polysaccharides 
exliibited a degree of specificity similar to that ob- 
served with globulin fractions from rabbit anti- 
sera elicited by multiple injections (2, 3). Thus, at 
low globulin to polj'saccharidc ratios, there was no 
significant cross protection between the polysac- 
charides from the 2 strains (lines 10. 10, 20, and 
21) whereas at higher ratios of about 100, there 
was cross protection (3, Tabic 3) with mouse as 
well as rabbit globulin fractions from antisera to- 
ward the polysaccharides (2, 3). 

SmiM.-VRY 

It has been found that passive immunization 
with relatively small amounts of the globulin frac- 


tions obtained from sera of mice cither 3 or 14 days 
after a single injection of polysaccharides from 
Serralia marccsccns afforded mice bearing sarcoma 
37 pronounced protection against the lethal action 
of the homologous polysaccharide but not against 
that of the poly.saccharidcs from a different strain 
of the organism. 
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A SEROLOGICAL FLOCCULATION REACTION 
AS AN INDICATION OF MALIGNANCY. 
H. S. Penn. (Department of Zoology, L’niversity 
of California, Los .Angeles, Cal.) 

Wlien the serum of a patient suffering from malig- 
nancy is mixed with the unsaponifiable fraction ob- 
tained from human cancerous liver, there is noted in a 
majority of instances (between 80 to 98 per cent) a 
flocculation characterized by the appearance of par- 
ticles, and partial or complete clearance of the opaque 
mixture. This flocculation occurs only rarely (about 1 
per cent) when the serum of healthy individuals is em- 
ployed, and to a limited extent (20 to 25 per cent) in 
other pathological conditions. Tile phenomenon is not 
observed when the lipoid of non-cancerous livers is used 
as an antigen. 

This investigation was based on the hypothesis of the 
formation of specific antibodies in response to an en- 
dogenous carcinogen, presumably steroid in nature. A 
complete description of the preparation of the antigen 
and the method of application is given. Appro.ximately 
3,000 sera were tested. Of these, 312 biopsy-proven posi- 
tive sera were submitted as unknowns. Correct diag- 
noses were made in 259 cases (83 per cent). The accu- 
racy of the flocculation reaction seems to vary with dif- 
ferent malignancies, cancer of the skin being the least 
reliable (about 70 per cent), whereas bronchogenic car- 
cinoma has given about 98 per cent correct diagnoses. 

HETEROLOGOUS OCUL.All TRANSPLANTATION 
AS A PRACTICAL TEST FOR CANCER. 
John -A. Schilling, Albert C. Snell, Jr., and 
Benedict V. Favata. (Department of Surgery, 
The University of Rochester School of Medicine 
and Dentistry, Rochester, N.Y^.) 

Carefully selected fragments from 30 proven human 
cancers were transplanted into the anterior chamber of 
308 eyes in 218 guinea pigs. Growth occurred in eight 
of the 30 cases in 29 eyes of 20 guinea pigs. Growth oc- 
curred in 15 of 19 of these cases when the same human 
tissue was studied simultaneously by routine tissue cul- 
ture in vitro. Growth was delayed as long as four months 
after intraocular transplantation, necessitating an arbi- 
trary’ period of at least six months’ observation before 
considering the result final. IVhen growth occurs after 


transplantation into the anterior chamber of the eye of 
a heterologous host, according to well defined criteria, 
it is definite evidence of a high degree of autonomy’ and 
may be helpful in gaining insight into the growth po- 
tential of a gii’en neoplasm. The method is not reliable 
for the clinical diagnosis of cancer because of the high 
incidence of failures (78 per cent) of growth in proven 
malignancy. 

THE TISSUE TRANSPLANT TECHNIC AS A 
MEANS FOR TESTING MATERIALS FOR 
CARCINOGENIC ACTION. William E. Smith, 
M.D. (vSloan-Kettering Institute for Cancer Re- 
search, New York 21, N.Y.) 

Induction of cancers from epithelial tissues of mouse 
embryos has been previously described. The method 
has been to transplant pieces of selected organs together 
with methylcholanthrene into adult hosts of an inbred 
strain of mice. Neoplastic potentialities of various tis- 
sues were thus explored. 

The method has now been extended with a view to 
employing it as a means of testing materials for carcino- 
genic action. Olive oil, the solvent used in previous 
tests, has been replaced by' tricapry'lin. Cancers have 
been readily induced from fragments of mouse embryo 
skin transplanted with equimolar (0.02M) solutions of 
20-methylcholanthrcne, 3,4-benzy'pyrene or 1,2,5,0-di- 
benzanthracene. Each of these solutions elicited squa- 
mous cell cancers or malignant papillomas at practically 
every' implant site: within 45 to 73 day's with methyl- 
cholanthrene, within 108 to 175 days with the other two 
carcinogens. 

To adapt the method for study of weak carcinogens, 
experiments were carried out with a barely' effective 
(O.OlM) concentration of dibenzanthracene with and 
without addition of 2 per cent Scharlach R and 0.1 per 
cent croton oil. These latter substances, not in them- 
selves carcinogenic, increased the yield of cancers. 

This technic is being employed for assay'ing carcino- 
genicity' of chemicals available only in small amounts. 
Tests have also been carried out with tissues available in 
only small amounts. .A transplantable carcinoma has 
been induced from fragments of thy'roid tissue taken 
from a young adult mouse and transplanted with 
methylcholanthrene. 
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FACTORS INFLUENCING THE STABUJTY OF 
CULTURED STRAINS OF NORAIAL AND 
MALIGNANT CELI^. Geobge 0. Gey and 
Fbederik B. Bano (by invitation). (The Johns 
Hopkins University Medical School, Baltimore 5, 
Md.) 

Prolonged cultivation of normal and malignant cells 
has revealed a wide degree of variation occurring within 
some of the stocks while others remain fairly stable. 
Many of the normal and malignant strains to be de- 
scribed have been under cultivation for from 10 to 18 
years. Some of the normal strains have become perma- 
nently altered in viiro and others have become malig- 
nant. Some malignant strains of host origin show great 
uniformity in their physiological and morphological 
characteristics. Others have shov.m profound changes 
after prolonged cultivation. The factors which pre- 
sumably can alter the stability of cells in ritro will he 
discussed. They include viruses, hormones, and nutri- 
tive conditions. The study also emphasizes the com- 
parative importance of homologous and heterologous 
media for the maintenance of some t>-pes of cells, and 
for the study of virus-host cell relationships. 

Jledia sterilized with fast electrons (Cai)icitron) or 
with ultraviolet (2337) have been successfully u.scd for 
cell cultivation in order to eliminate virus contaminants. 
This method may prove important for the study of 
specific viruses grown with cells and for studies with the 
electron microscope. 

A STUDY IN VITRO OF A STRAIN OF LYMPHO- 
BLAST-LffiE CELLS, iMBlS, DEBITED FROM 
MOUSE LYMPHOSARCOMA MB (T80137). 
WiLEEMiNA M. DE Bruyn. (Division of Cell Physi- 
ology, Department of Surgery. The John.s Hopkins 
Hospital and School of Medicine, Baltimore 5, 
Md.) (Introduced by George 0. Gey.) 

Previous investigations have shown that the malig- 
nant lymphoblasts of lymphos.arcoma JIB could be 
maintained in continuous roller tube culture indefinite- 
ly, but only in the presence of growing mc.senchymal 
cells. A few cultured cells can produce a tumor and kill 
in IG days. 

Cultivation of malignant lymphoblasts without fibro- 
blasts was attempted by varying the media and the 
temperature. In several tubes in one exTicriment the 
fibroblasts died out, leaving only masses of active 
lymphoblast -like cells. They had been grown in chicken 
plasma, human cord serum, bovine embryo extract, and 
balanced salt solution, A strain of lymphoblast-like cells, 
MB 13, was developed from one of these tubes. These 
cells vary much in size and shape. They now grow with- 
out fibroblasts and without pla.sma. 'I'licy need embryo 
extract and grow best when only part of the medium is 
replenished with fresh fluid. Four montlis after the 
change in the cells had taken place, they still produced a 
tumor. From then on all injections were unsuccessful. 
Since these colls had been cultivated in an entirely 
heterologous medium for several months, e.xpcrimcnls 
arc under way to find out it the MBl.3 cells Jiave lost 
their ability to grow in the mouse. The following experi- 
ments were attempted ; 


a. Re-establishment of mouse fibroblasts and iMB13 
cells in a heterologous medium. 

b. Cultivation of MB13 cells, but without fibro- 
blasts, in a medium with mouse embryo extract replac- 
ing bovine embr.vo extract. 

To date lymphoblast-like cells, S1B13, liave failed 
Vo grow with naousc mesenchymal cells, whereas they 
grow equally well in media with mouse embryo extract 
as in media with bovine embryo extract. 

THE EFFECT OF REGENERATION ON THE 
GROWTH CAPACITY OF R.AT LIVER IX 
VITRO. .Andre D. Gmnos. (From the Division 
of Cell Physiology, Department of Surgery, Johns 
Hopkins Hospital and Medical Scliool. Baltimore. 
Md.) 

The present work is the first part of a study aiming to 
investigate further the relationship between liver re- 
generation and carcinogenesis with p-dimcthylamino- 
azohenzenc. The roller tube tissue culture method of 
Gey was used in devising a lest for the growth capacity 
ill vitro of normal rat liver and the effect of regeneration 
upon it. The following experimental procedure was used 
on each animal: a) partial hcpatcctomy. b) immediate 
cxplantation of part of the removed median lobe, c) cs- 
planlation, 72 hours posl-opcrativcly. of part of the re- 
maining right lateral lobe. 

It was found that the growth cajiacity of normal rat 
liver is . 1)1 inverse proportional function of the age of the 
animal. In tlic case of young rats, 4 to 8 weeks old. 10 
out of 10 or 100 percent of the cxplnnlcd livens grew in 
vitro; in .idiill rats. 4 to 8 months old, ,j out of 11 or 45 
percent; in old rats, 18 to 24 mouths old. 1 out of 12 or 
8 per cent. 

Rcgcncr.ilion had a marked effect on this relation- 
ship between age and growth capacity in vitro. Li the 
young rats 7 out of 7 e.xplanted regenerating livers 
grew in ritro; in the ndnU.s 11 out of 11; in the old rats 
8 out of 8. Thu.s the growtli capacity of regeneratiug 
liver, 72 hours after p.irtial hcpatcctomy, was 100 per 
cent throughout the age groups and therefore independ- 
ent of the age of the auima' . 

Differences in the morphology ami organization of 
the colonics of norma! and regenerating liver and their 
rclntionsinp to age have also been established. 

CERTAIN RECENTLY DEYEI.OFED TISSUE 
CUI,TURE ITIOCEDIHIES AFPLIC.ARLE '10 
STUDY OF THE NUTRITION OF NORMAL 
AND MALIGN.ANT CELT.S. AV R. Eari.e, K. K. 
S.VNVORD, Y. J. Ev.aks, E. L. Srmu.iNC. (by invi- 
tation), and G. D. Likei.Y (by invitation). (Nation- 
al Cancer Institute, Bclhc.sdn 14. Md.) 

This paper summnrizc.s a group of recently develojicd 
proccrlurcs by which a strain of sarcoma cells has been 
grown from a single cell, and by wliieb eel's nmy be 
grown in tissue culture under .sheets of jicrfonilcd ecllo- 
plianc instead of embedded in a jilasmu matrix of mi- 
known and variable composition. 

AVhen so grown the ceils can be scraped off from the 
ccllopbanc and made iij) ns a cell .susjien.sion wliicb can 
be used to plant np to 200 or more replicate cultures 
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from one uniform inoculum suspension. By a special 
hemocytometer teelmiquo the actual number of cell nu- 
clei in each unit volume of the original cell suspension 
planted can be determined. By sacrificing individual 
cultures from a series, changes in the number of nuclei 
present may be accurately followed. The procedures 
seem particularly well adapted to proliferation studies 
of the nutrition of the malignant cell and of the normal 
cell from which it arose. 

In the instance of rapidly growing cell strains, using 
these cellophane procedures, dense sheets of cells cover- 
ing areas of 70 square centimeters can be obtained in a 
few daj's. 'While the largest sheet so far obtaine<l had an 
area of only about 190 square centimeters, work is now 
in progress to further adapt the method for practicable 
routine growth of far larger cultures. 

THE LETHAL MUTATION RATE IN DROSOPHI- 
LA MELANOGASTER FOLLOWING THE AD- 
MINISTRATION OF 20-METHYLCHOLAN- 
THRENE AND METHYL-Z?75(BETACHLO- 
ROETHYL)AMINE HYDROCHI.ORIDE.=^ 
Walter .1. Burdette. (School of Medicine, Louisi- 
ana State University, New Orleans, La.) 

There is some evidence that the carcinogen, 20- 
methylcholanthrene, is also mutagenic in mice. Since it 
is highly important to know if these two properties are 
related, it is desirable to test the mutagenic activity of 
carcinogens in a form which is more suitable for the de- 
tection of such changes. Using the Muller-.5 and Ore- 
gon-R stocks of Drosophila mclanogaster tests were made 
for lethals on the x-chromosome. The females w'erc 
treated with 20-methylcholanthrene in sesame oil by 
the vaginal douche technic. This was continued serially 
for 12 generations during a period of 148 days. Tlie wild 
type chromosomes tested each successive generation 
had therefore been treated from 1 to 12 times. Moreover 
for the last 10 generations the sc® ic” B chromosomes 
treated twice were also tested. Three lethals on the sc® 
w" B chromosome, one visible mutation to y, and one 
instance of non-disjunction were found among the 4,0‘C0 
chromosomes tested. It is apparent that 20-methylchol- 
anthrene was not mutagenic in these studies although 
the same material was carcinogenic for C3H mice. On 
the other hand the mutation rate for these stocks was 
increased simply by dropping methyl-6fs(betacIiIoro- 
ethyl)amine hydrochloride on the abdomen. In one such 
ex-periment there w’ere 15 lethals among 2,494 chromo- 
somes tested. The results with methylcholanthrene may 
be explained either by assuming it is not mutagenic or 
that it is strain limited or not effective by the route and 
concentration used. This should make one cautious in 
interpreting isolated instances of mutations as neces- 
sarily being due to concomitant treatment with car- 
cinogen. 

POLYCYTHEMLV ASSOCIATED WITH A TRANS- 
PLANTABLE LUTEOMA. Rat-mond G. Gott- 
SCHALK and Jacob Furth. (Veterans Administra- 
tion Hospital and Southwestern Medical College, 
Dallas, Texas) 

* This investigation was supported by a grant from the 
National Cancer Institute, U.S. Public Health Service. 


Repeated blood volume and hematocrit determina- 
tions Were made on mice by means of a microtcclmic re- 
quiring less than 0.1 ec. of blood. The occurrence of hy- 
pervolemia with grafted granulosa cell tumors has been 
confirmed. The increase of blood volume is mainly due 
to an increase of the plasma volume, with little variation 
of the total volume of red eells, and with a relative 
anemia. Transplantable luteomas are associated with 
polycythemia, the number of rod colls rising ns much as 
50 per cent; the hematocrit values are elevated by as 
much as 30 per cent. Luteoma bearing mice generally 
have but a mild hypervolemia due to the inerease of 
er 3 ’throcytcs, the plasma volume remaining about con- 
stant. The most severe polycythemia was found in 
cases of intrahepatic graft of the tumor. 

These observations recall data indicating that estro- 
gens decrease and androgens and adrenal cortical hor- 
mones increase the number of red cells. The granulosa 
cell tumors produce estrogens, while the luteomas are 
masculinizing. The hematologic changes secondary to 
these ovarian tumors seem related to the influence of 
sex hormones on erj’thropoiesis. The mice with trans- 
planted luteomas show most of the elements of Cush- 
ing’s syndrome, including polj’cythemia; this sjmdrome 
is also associated with the so-called adrenal rest tumors 
of tile ovar.v in human patients. 

CONTRASTING EFFECTS OP FOLIC ANTAGO- 
NISTS AND NITROGEN MUSTARDS ON 
LEUKEMIC CELLS IN VIVO* J. H. Burciien- 
Ai,, t M. A . Cremer, and B . S. Williams (Introduced 
bj’ C. P. Rhoads.) (Section on Mouse Leukemia of 
the Dii’ision of Experimental Chemotherapy, Sloan- 
Kettering Institute for Cancer Research, New 
York 21, N.Y.) 

A secondary screening technique has been used to 
stud.v compounds which have previousl.v shown the 
ability' to prolong the survival of mice with transmitted 
leukemia. In this method advantage has been taken of 
tlie delay'ed to.xicit.y even at high doses of certain of 
these agents in examining the short term effects of supra- 
lethal doses in inactivating leukemic cells in vivo. 

Donor mice having enlarged spleens from a general- 
ized leukemia or with localized tumors from injection of 
the leukemic suspension b\' the subcutaneous route 
were injected intraperitoneally with various multiples 
of the LDso dose of a given compound. Two hours later 
or immediatelj' after death if the drug at very high doses 
was lethal in loss than tliis time, the spleens or tumors 
were removed under aseptic precautions, minced in sa- 
line, and injected intraperitoneally into recipient mice 
of the same inbred stock for bioassaj'. At least 2 donor 
mice were used at each level and the leukemic suspen- 
sion from each donor was bioassaj’ed into 4 mice. 

With the nitrogen mustards tested, a cytocidal or in- 
activating dose was found to occur in the range between 

* This investigation was supported (in part) by a research 
grant from The National Cancer Institute of The National In- 
stitute of Health, U.S. Public Health Service, and (in part) by 
a research grant from The American Cancer Society. 

t Fellow of The American Cancer Society, recommended by 
the Committee on Growth of The National Research Couned. 
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four and ten times the LDso. ith 4-amino-ptcroj’l glu- 
tamic acid, 4 -amino-NlO-inelhyl-pteroyl glutamic acid, 
and i2,C-diaminopnTine, howes'er, the bioassays ■were 
positive up to and including one hundred times the 
LDsi). Even after exposure for 48 hours to 20 times the 
LDso, no inactivating effect was seen. 

THE INFLUENCE OP PROGESTERONE ON 
MAMMARY TUMORS INDUCED IN RATS 
BY ACETAMINOFLUORENE. A. CANTAnow, 
K. E. Paschkis, and J. Stasney. (Jefferson Medi- 
cal College, Philadelphia 7, Pa.) 

Data previously reported from this laboratory indi- 
cated that administration of proge.stcronc greatly in- 
creased the incidence of mammary carcinoma in female 
Sherman and Wistar rats receiving 2-acetaminofluorcne. 
Estradiol wa.s apparently without influence in intact 
rats. The po.ssibility was suggested that whereas small 
amounts of estrogen are probaiily necessary for the de- 
velopment of breast cancer in rats receiving AAF, the 
quantity of progesterone may be the limiting factor in 
this connection. The present experiments rci)resent an 
attempt to test this iiypothesis. 

(a) Progesterone was administered to castrate male 
and female rats, (b) progesterone and estradiol to intact 
males, (c) progesterone and estradiol to castrate males 
and females, (d) progesterone and estradiol to intact fe- 
males, and (e) progesterone and testosterone to intact 
males. 

No breast tuntors developed in progesterone -treated 
intact males and castrate males and females, nor in 
progesterone-testosteronc-treated males. One tumor de- 
veloped in 10 intact males receiving estradiol and pro- 
gesterone. Two tumors appeared in .Ti castrate males 
receiving estradiol and progesterone. Four tumors ap- 
peared in 20 castrate females receiving eslrariiol and 
progesterone. One tumor appeared in 24 intact female 
rats receiving estradiol and progesterone. This is in 
sharp contrast to the 8;> per cent incidence of breast tu- 
mors in such rats receiving progesterone alone and the 
23 per cent incidence in intact females receiving no hor- 
mone. The significance of these observations is dis- 
cussed. 

STEROID EXCRETION IN GASTRIC CANCER. 
K. Dobrineb, S, Lieberjian (by invitation), J. 
Abels (by invitation), F. Homduroer, E. C. 
Reifenstein, Jr., and C. P. Rhoads. (Sloan-Kct- 
tering Institute for Cancer Research, New York 
21, N.Y.) 

Gastric cancer is one of the most important types of 
neoplastic disease not only because of its high incidence 
but also because early diagnosis presents so many diffi- 
culties. These considerations led us to investigate the 
steroid excretion patterns in 2 men and 2 women suffer- 
ing from advanced gastric cancer. In all of these pa- 
tients a metabolite of adrenal cortical origin, ll;81iy- 
droxy-etiocholanolone was identified. This same com- 
pound was previously found in a significant number of 
patients with neoplastic disease and was rarely present 
in the urine of normal individuals (Dobriner, Licber- 
man, and Rhoads, Cancer Research, 7:711, 1047). Two 
other compounds of adrenal cortical origin, lljShydroxy- 


androsterone and 11-ketoetiocholanolone, were found 
in the urine of all 4 gastric cancer patients. These sub- 
stances arc regidar constituents of the urine but the 
amount c.xcrcted by the gastric cancer patients was 
smaller than that usually present in normal subjects. 
Androsterone and ctiocholanolone, both constituents of 
the urine of normal people were either absent or present 
in very small amount in the gastric cancer patients. The 
pattern of ketosteroid excretion in gastric cancer re- 
sembles those obtained in prostatic cancer. The clinical 
significance of steroid metabolism in relation to adrenal 
cortic,nl function will be discussed. 

THE EFFECT OF TESTOSTERONE PROPIO- 
NATE THERAPY ON THE EXCRETION OF 
HORMONES LN PATIENTS WITH AIETA- 
STATIC BREAST CARCINOMA.* Albert Se- 
GALOFF, Richard L. Coppedge (by invitation, and 
J. V. Schlosser (by invitation). (Departments of 
Medicine and Pliysiology, Tulane University, the 
.Vlton Och.siicr Medical Foundation, and the Char- 
ily Ho.spilal of I-ouisiana, New Orleans, La.) 

Seven patients have been studied to date in whom it 
ha.s been possible to oblain e.vcrction .studies before and 
during te.stoslcronc i)ropionatc therapy for carcinoma 
of the breast with bone nieta.sta.ses. Six of the 7 patients 
showed the e.xpeelcil increase in 17 kclo-steroids while 
on tcsloslcTone propionate tlicrapy. Androgen bioassays 
have been completed on one p.'iticnl and this patient 
also .showed an increase in androgen excretion. One pa- 
tient had no dctcctahic gonadotrophic hormone before 
therapy, probalJy dne to her advanced cachectic state. 
Tlic others showed normal or elevated urinary gonado- 
trophic hormone and sliowed the e.xpcctcd decrease in 
its excretion while on therapy. 

Corlin excretion was measurer! by its ability to dc- 
po.sit hepatic gl.vcogon in adrenalcctomir.ed mice. This 
was studied in l> jialicnts, 8 of whom .showed a marked 
increase in excretion wliilc on tlierapy. The oilier 8 
showed little or no change. The urinary c.xcrclion of 
lactogenic hormone was studied in 4 ijatients, 8 of the 4 
showing an incrca.se in e.xcrcfion. 

Clinically. 3 of the 7 patients had a marked improve- 
ment in cour.se while on testosterone therapy, most of 
them gaining weight and having freedom from pain. The 
other 2 apparently had little or no effect on the coiitsd of 
their disease as the result of therapy with tcslostcrone 
jiropionote. The testosterone projiionatc therapy was 
given as intramuscular injections of 100 mg. every other 
day. 

INFLUENCE OF AGE OP HOST AND OP OI'A- 
RIES ON TUAIORIGENESIS LN INTRA- 
SPLENIC AND INTRARANCRE.\TIC OVARI- 
AN GR.AFTS. W. U. Gardner and M. 11. Li (by 
invitation). (Department of .\natomy, Yale Uni- 
versity School of Medicine, New Haven, Conn.) 

Four groups of experiments were undertaken to de- 
termine the effect of age of the ovary ami age of the host 

* This investigation was supported by a research grant from 
the Nntioimi Cancer In.stitntc of the National In.slilute of 
Health, U.S. Public Health Service. 



596 


Cancer Research 


on experimental ovarian tumorigenesis. (a) Ovaries 
from young miee were transplanted intrasplenically into 
young mice, (b) Old mice (SOi to 370 days) were cas- 
trated and ovaries from animals of similar ages implant- 
ed intrasplenically. (c) Ovaries from old mice (304 to 
491 days) were transplanted intrasplenically or intra- 
pancreatically into young castrated mice. 

The age of the host was more important than the age 
of the donor; hosts showed a high incidence of ovarian 
tumors, granulosa cell and luteomas, irrespective of the 
age of the ovarian transplant at the time of grafting. 
Both intrasplenic and intrapancreatic transplants of 
ovaries into castrated mice became tumorous. Mice of 
all inbred strains used, one not studied previously in 
such experiments, showed similar responses. The tu- 
mors arising from the transplants of old ovaries were 
not unlike those arising from transplants of 5 mung 
ovaries. 

These experiments indicate that ovarian granulosa 
cell tumors and luteomas can arise from the aged ovary 
and that the humoral environment of the jmunger ani- 
mal is more favorable. 

SEX HORMONE SECRETION BY ADRENAL 
CORTICAL TUMORS OF MICE. Mahthella J. 
Frantz (by invitation), and Arthur Kirschbaum. 
(Department of Anatomy, University of Minne- 
sota Medical School, Minneapolis, Minn.) 

The type of sex hormones secretion in gonadecto- 
mized mice bearing cortical adenomas was determined 
by histologic study of submaxillary glands, renal cor- 
puscles, and reproductive tracts. Animals of both se.xcs 
of the NH and Bagg albino strains, and females of the 
C3H, CBA and Strong A strains were studied. 

Adenomas which secreted only estrogenic hormone 
were present in NH mice 70 or more days following 
gonadectomy. Similar tumors (10 months post-opera- 
tively) of the Bagg albino stock secreted primarily an- 
drogenic hormone. The seminal vesicles of most males 
castrated 3 years before autopsy were developed and 
seereting; submaxillarj' glands and kidneys were mas- 
culinized. Ten months following ovariectomy submaxil- 
lary glands of CBA and C3H females were masculinized, 
whereas the vaginal epithelium was cornified, indicating 
simultaneous secretion of estrogen and androgen. In the 
Strong A strain, the reproductive tract was atrophic, al- 
though submaxillary glands were male, 14 to IG months 
following ovariectomy, indicating secretion of only an- 
drogen. 

Hormonal secretion of cortical tumors was character- 
istic for the strain. The earlier tumors developed follow- 
ing gonadectomy, the greater the tendency towards 
estrogenic activity. Where both sex hormones were se- 
creted simultaneously 10 months following gonadec- 
tomy as in the CBA and C3H strains, primarily estro- 
genic activity was detected from C to 8 months post- 
operatively. In the Strong A strain where the latent pe- 
riod of tumor formation was relatively long, cortical tu- 
mors demonstrated only androgenic activity. 

Cessation of gonadal endocrine secretion was not e.s- 
sential for the development of spontaneous cortical tu- 
mors in both sexes of the NH and Bagg albino strains. 


LEYDIG CELL TUIMORS INDUCED EXl’ERI 
MENTALLY IN THE RAT. Gray H. Twombly, 
Doftis Meisbl (by invitation), and Arthur Purdy 
Stout. (College of Ph 3 'sicians and Surgeons, Co- 
lumbia University, New York 33, N.Y.) 


■ Fifty young adult castrated female rats were treated 
by the transplantation of a testis into the spleen. The 
twtes were taken from day old rats and the implanta- 
tion was done beneath the capsule of the spleen with a 
troehar. A similar group of 50 male eastrates and a con- 
trol senes of 35 normal males were prepared in the same 
waj'. The animals died or were sacrifieed after 340 to 
450 daj’s. In the castrated females SO Lej-dig eell tu- 
mors were found; the largest was 5 cm. in diameter. Six- 


teen tumors occurred in the 50 castrated males. While 
histologically some of these tumors appeared malignant, 
no metastases were found. In the control males the re- 
mains of atrophic testicular tissue could be seen but no 
Lej'dig cell tumors occurred. All stages in the develop- 
ment of these neoplasms from Lej’dig cell hj'perplasia 
through adenoma formation to what appeared to bo 
malignant tumors were easily seen in this material. Some 
of the tumors are histologically remarkably like human 
Lej'dig cell tumors with which we have compared them. 


TUMORS OF PITUITARY AND TRACHEA IN 
MICE AFTER HIGH DOSAGES OF RADIO- 
ACTIVE IODINE. Aubrey Gorbjian. (Depart- 
ment of Zoology, Barnard College, Columbia Uni- 
versity, New York, N.Y.) (Introduced by E. D. 
Goldsmith.) 

.‘Vbout ten months after single injections of 4 to 50 
millicurie-per-kilogram dosages of !“■ tumorous en- 
largements of hj’pophj’ses were found, as well as fibrous 
tumors of the tracheal tunica propria. The lOToplij’seal 
growths, as much as 80 times larger than the normal 
pituitarj', contained patches of normal acidophils, and 
verj’ few normal basophils. Their bulk was made up of 
enlarged highlj’ vacuolated cells. Visual and motor dis- 
turbances were frequent external manifestations in mice 
bearing hj'pophyseal tumors. 

The tracheal growths were fibrous in their bulk, 
but- covered with a metaplastic simple or stratified 
squamous epithelium. This epithelium in some instances 
was extremelj' active mitoticallj’. By reduction of the 
tracheal lumen such tumors resulted in labored respira- 
tion and apparently contributed to the death of several 
animals. 


EFFECT OF REVERSED RESTRICTION ON 
MiUMM-'VRY TUMOR INCIDENCE IN OVA- 
RIECTOMIZED C3H MICE. Carmen V. Casas 
(bj’ invitation), Joseph T. King (by invitation), 
and M. B. Visscher. (Department of Plij’siology, 
Universitj’ of hlinnesota, jMinneapolis, Minn.) 

The effect of ad libUum feeding and caloric restric- 
tion on the incidence of mammary tumors in castrate 
G3H female mice has been tested by reversing tj-pe of 
feeding at various intervals as indicated below. The de- 
tails of the diet and housing conditions have been pub- 
lished previously by Visscher ei al. The restricted mice 
received normal amounts of protein, vitamins and min- 
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erals. Ovariectomy was performed at weaning and the 
mice were immediately placed on the diet indicated. 
The number of mice in each grovip and the number of 
tumors occurring through the fourteenth month are 
sliown below. 

t'ecdinR Tumors 

Full-fed 14 mos. 15/20 

“ “ 4 mos., then restricted 5/10 

“ “ 3 mos., “ “ '1/10 

“ “ Imo., “ “ 0/10 

llestricted 14 mos. 1/10 

“ 7 mos., then full fed 3/10 

“ 4 mo.s., “ “ “ 3/10 

“ 2 mos., “ “ “ 3/10 

“ 1 mo., “ “ “ 0/10 

ISOL.mON. PROPERTIES AND CHEMISTRY 
OF ALPHA ANDRETA-PELTATIN. J. L. Haht- 
WEnn (by invitation), and tV. E. Detty (by invita- 
tion). (Chemotherapy Section, National Cancer 
Institute, Bethesda 14, Md.) 

Podophyllin (N.F.) has been shown (Hartwell and 
Shear, Cancer Research, 7:71G, 1947; unpublislied work 
of Lciter cl al.) to contain at least 3 pure, colorless, crys- 
talline components which together account for the ma- 
jor part of the tumor -damaging activity of the whole 
drug. Of these, podophyllotoxin is well-known while 
alpha and hcfa-pellatin are of recent discovery (Hart- 
well, J. Am. Chem. Soc., 69:2918, 1947; Hartwell and 
Detty, J. Am. Chem. Soc., 70:2833, 1948). 

These compounds are concentrated in tlio hexane-in- 
soluble chloroform-soluble fraction which is a brown 
resin amounting to about 50 per cent of the original 
drug. This fraction is dissolved in a benzene-alcohol mix- 
ture and chromatograplied on activated alumina; podo- 
phyllotoxin, 6c(a-peltatin, and aip/m-peltatin pass thru 
the tower in that order. The yields are about 7, 5, and 
6 per cent, respectively. 

The peltatins form colorles.s crystals soluble in many 
organic solvents (including alcohol and chloroform) and 
in dilute solutions of caustic alkalies, but insoluble in 
petroleum ether and water. Both melt, without sharp 
m. p., around 230, and both are levorotatory ([ oc = 
— 115° in alcohol). 

The peltatins arc isomeric with podopliyllotoxin, 
CsjHiaOs. All three have a methylenedioxj’ group, and a 
lactone group. AZp/ia-peUatin has two phenolic hydroxyl 
and two raethoxj'l groups, while 6cfa-peitatin has one 
phenolic hydroxyl and three metho.xyl groups. Each 
peltatin gives rise to a diastereoisomer when treated 
with alkaline reagents, and to two sets of acetates and 
methyl ethers depending on conditions of formation. 
With each peltatin one set of derivatives is identical 
with the corresponding ones prepared from its diastcreo- 
isomer. 

Evidence is presented, from ultra-violet absorption 
and oxidation studies, for considering the peltatins to be 
structurally related to podophjdlotoxin. 

THE ACTION OF SUBSTANCES EXTRACTED 
FROM PODOPIWLLIN ON SARCOMA 37 IN 
MICE. J. Leiter, Downing (by invitation), 
J. L. Hahtweli, (by invitation), and M. ,I. Shear. 
(National Cancer Institute, Bethesda 14, Md.) 


A single subcutaneous injection of 10 to 50 micro- 
grams per gram of body weight of the crude drug podo- 
phyllin produced softening, hemorrhage, and necrosis in 
sarcoma 37. The microscopic effects, previously de- 
scribed by MacCardle and Downing (1947) and 1948, 
were marked pycnosis of the tumor cells as well as ar- 
rest in mitosis. Similar effects were noted with a single 
injection of 3 crj-stalline components isolated from the 
crude drug, viz., podophyllotoxin, alpha- and ftrta-palta- 
tin. Quercetin, another known component in podophyl- 
lin, produced no such effects at doses up to lOCQ micro- 
grams per gram. Picropodophyllin and the sodium salt 
of podophyllic acid produced no visible gross effects and 
no pycnosis at doses up to 500 and 2000 micrograms per 
gram respectively, although both produced distorted 
mitotic figures. 

The minimum effective dose (MED) of podophyllo- 
toxin, alpha- and tc/a-peltatin ranged between 2 and 5 
micrograms per gram, depending on the vehicle em- 
ployed. The maximum tolerated dose (iMTD) of the 
three chemicals ranged from 25 to GO micrograms per 
gram. The ratio of MTD to MED in mice for a single in- 
jection of podophyllotoxin, alpha- and hcfa-peltatin was 
about 10, 20, and 30, respectively. 

Different routes of administration, vh,, subcutane- 
ous, intravenous, and oral, all produced simil.ar effects. 

considerably higher dose level was required for the 
oral route (aiiont 50 microgrnms/gram), and the mar- 
gin between the MTD and MED was much narrower by 
this than by the other routes. 

Alpha- and hcfo-peltain were soluble in aqueous solu- 
tions containing one to two equivalents of sodium hy- 
droxide but had little, if any, solubility in olive oil. 
Podophyllotoxin was soluble (>5 per cent) in propylene 
glycol, moderately soluble (0.5 to 1.0 per cent) in olive 
oil, but only slightly (about 0.01 per cent) in water. All 
three were active against tumors in all the vehicles 
listed. 

ACTION OF PELTATINS ON LYMPHOiM.VS AND 
OTHER TUMORS IN AHCE. Ezra M. Green- 
span (by invit.ation), J. Leiter, and M. ,T. Shear. 
(Chemotherapy Section, National Cancer Institute, 
Bethesda 14, Md.) 

The effect of subcutaneous injection of alkaline aque- 
ous solutions of alpha- and 6c/n-pcltatin was studied on a 
varietj’ of intramuscularly transplanted tumors. These 
included: an acute stem-cell leukemia, a metastasizing 
lymphosarcoma, a local lymphosarcoma, an adeno- 
carcinoma, and a melanoma, all in mice; and a jmly- 
morphic rat carcinoma. A single subcutaneous injection 
regularly induced extensive gross and microscopic dam- 
age in the lymplioid tumors at low dose levels. Maxi- 
mum tolerated doses were neeessary for induction of 
consistent and extensive cellular damage in the adeno- 
carcinoma, melanoma, and rat carcinoma. 

Repeated injection of n/p/(«-pcltatin in mice bearing 
lymphoid tumors produced shrinkage of tumors and of 
mctastascs, retardation of tumor growth, shrinkage of 
spleen, and increased survival. Alpha-pcMatm produced 
a leucopenia and a delay in infiltration of blast cells in 
blood and bone marrow of leukemia-bearing mice. Com- 
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plctc regressions were not observed. Multiple low doses 
were well tolerated in mice bearing established palpable 
tumors. A large ratio of MTD/MED for a single sub- 
cutaneous injectmn was noted in animals bearing 
lymphoid tumors. The ratio for both peltatins was in the 
same range. 

Mortality and weight loss, in animals bearing lymph- 
oid tumors, were found to depend on the age and size of 
the tumors and on the extent of induced tumor damage 
as well as on the amount of drug administered. Shrink- 
age and histopathological changes were noted in the 
thymus, spleen, other lymphoid tissues and testis at 
maximum tolerated doses. 

EFFECT OF A SINGLE INJECTION OF COLCHI- 
CINE, COLCHICINE DERIVATIVES AND 
RELATED COMPOUNDS ON MOUSE TU- 
MORS. V. Dowsting (by invitation). J. L. Hart- 
well (by invitation), J. Leiter, and jM. J. Shear. 
(Chemotherapy Section, National Cancer Institute, 
Bethesda 14, Md.) 

Colchicine and ten derivatives, each at its maximum 
tolerated dose, were injected subcutaneously into mice 
bearing week-old implants of sarcoma 37. Eight of these 
derivatives (colchiceine, A^-benzoyltrimethyl colchicinic 
acid methyl ether, trimethyl colchicinic acid methjd 
ether d-tartrate, jV-acetyliodocolchinol and its methyl 
ether, iV-acetylcolchinol and its methyl ether, and col- 
chinol) all produced effects similar to colchicine, vh., 
grossly visible hemorrhage and necrosis, marked mitotic 
arrests, distorted mitotic figures, and induced general- 
ized pycnosis. (MacCardle and Downing, Cancer Re- 
search, 7:717, 1947; MacCardle, ibid., 8, 1948. In press.) 
iV-benzoyltrimethylcolchicinic acid produced some mi- 
totic arrests but no pycnosis, whereas trimethylcolcbi- 
cinic acid was entirely negative grossly and microscopi- 
cally at doses up to 400 micrograms/gram body weight. 
The MTD of these derivatives was 10 to 450 times that 
of colchicine; trimethylcolchicinic acid methyl ether 
d-tartrate gave the widest range between the MTD 
(100 micrograms/gm. body weight) and the minimum 
effective dose (MED), namely, 2 micrograms/gram of 
body weight. Seven derivatives were soluble in an aque- 
ous vehicle; 3 were injected as a suspension in oil. The 
active compounds also damaged other tj^Jes of mouse 
tumors, both transplanted and chemically induced. 

Approximately 18 phenanthrene derivatives yielded 
negative results in the same screening procedure, in 
which the mice were sacrificed at 8, 24, and 48 hours 
after injection of the compound. Of 103 diphenylethyl- 
amines similarly examined, 04 induced damage in sarc- 
oma 37. Microscopically, however, this damage ap- 
peared to be different from the effects produced b 3 ' the 
colchicine tj’pc of compound. 

PROPERTIES OF THE PRODUCTS OF HYDROI^ 
YSIS OF SERRATIA MARCESCENS POLY^- 
SACCHARIDES. Hugh J. Creech, Martha AV. 
AA^harton (bj” invitation), Reed F. Hankwitz, Jr. 
(by invitation), D. R. A. AA^iarton (by invitation), 
and Irene C. Diller. (Lankenau Hospital Re- 
search Institute and The Institute for Cancer Re- 
search, Philadelphia 30, Pa.) 


Research 


Since it is important clinically to reduce the toxicitv 
and antigenicity of the tumor-necrotizing polysac- 
charides from Serratia marccsccits, exploration has been 
made of the action of glycerophosphatascs and other 
methods of h 3 'drol.vsis on these pol3'saccharide-lipid 
complexes. Preparations of enzymes, obtained by proc- 
essing rat intestine, were allowed to act upon the com- 
plexes at pH 5 and 9. The enz 3 'matic h 3 -drolyses were 
conducted within a cellophane sac surrounded by suit- 
able buffer solutions which were changed frequcntlv. 
Tests of the antigenicit 3 ’, toxicity and tumor-necrotiz- 
ing activit 3 " were made on the total non-dial 3 ’zable prod- 
uct at several stages during the hydrolysis. The extent 
of l^vdrolysis was determined by suitable micro metliods 
of analysis for glucose and phosphorus. 

AA'ith an increased degree of h 3 'drol 3 -sis, there was a 
corresponding decrease in the ability of the product to 
elicit the formation of agglutinins in mice. The products 
obtained by hydrolysis at pH 5 were more toxic than 
those obtained at pH 9; a single injection of the prod- 
ucts obtained 1)3' h 3 'drol 3 'sis at pH 5 conferred a greater 
tolerance on mice toward a subsequentl 3 ' administered 
lethal injection of unaltered polysaccharide than those 
obtained under alkaline conditions. A'ariations occurred 
among the products obtained at each pH and these 
could not always be correlated with the degree of h 3 '- 
drol 3 'sis. A lack of parallelism was also noted between 
the extents of tumor-necrotization and hydrol 3 'sis. It is 
anticipated that fractionation of the non-dial 3 ’zable 
products will provide interesting materials for study. 

STUDIES ON THE INHIBITION OF SARCOMA 
180 IN MICE. C. Che.ster Stock, Kanematsu 
Sugiltra, Alice E. Moore (b 3 ' invitation), and 
C. P. Rhoads. (Division of E.xperimental Chemo- 
therapy, Sloan-Kettering Institute for Cancer Re- 
search, New York, N.Y.) 

Inhibition of the development of Sarcoma 180 in 
mice has been developed as a method of screening mate- 
rials for adverse effects upon tumor tissue. Twenty-four 
hours after subcutaneous implantation of Sarcoma 180 
into the axillary region of mice, intraperitoneal injec- 
tions of the chemotherapeutic agent in maximum tol- 
erated doses are initiated and continued twice a day for 
7 da 3 's. At the end of the injection period the tumors are 
measured in two diameters b 3 ' calipers. The inhibition 
of the tumors in the treated animals is based on the de- 
velopment of the tumors in relation to the untreated 
controls. 

In a study of over 800 compounds the test has elimi- 
nated approximately 90 per cent of the materials from 
further study; yet, it appears sufficientlv sensitive to 
suggest new t 3 ’pes of compounds worthy of e.xploration. 
The screening test is merely a preliminary to additional 
studies of therapeutic and c 3 'tological effects on Sarc- 
oma 180 and for studies on a spectnim of mouse and rat 
tumors. 

The results obtained with miscellaneous compounds 
including carbamates, fluorenes, nitrogen mustards, 
anti-biotics, folic acid analogs, and related compounds 
are summarized. 
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EFFECTS OF PODOPHYLLOTOXIN AND PICRO- 
PODOPHYLLIN ON BLOOD CELLS AND 
OTHER TISSUES OF RATS AND mCE. Mar- 
garet G. Keely (by invitation), Ross C. Mac- 
Cardlb, and Paul K. Siiitii. (Dcparlinent of 
Pliarmacolog}’, George Washington University 
jMcdical Sciiool, Wasliingtoii, D.C., National Can- 
cer Institute, Bethesda, Md., and Department of 
Pharmacology, George Washington University 
Medica! School, Wasiiingtoii, D.C.) 

It was reported last year by this and other labora- 
tories tliat administration to rats of podophyllin and 
some podophyllin derivatives produced a transitorj' 
leukopePia. The possibility that this effect was medi- 
ated through the adrenal glaiids was investigated by 
following the changes in the eosinophiles and by his- 
tologic study of the adrenal glands. 

Counts were made at one and twenty-four hours 
after singJo intraperitonea! injection of 1 and Iff mg. per 
kilo of podophj’llotoxin and 7 and 75 mg. per kilo of 
picropodophyllin. A significant decrease in the number 
of eosinophiles in the circulating peripheral blood was 
found and was accompanied by depiction of the o.smio- 
philic granules in the adrenal glands. 

Swiss mice bearing C-day old intramuscular implants 
of Sarcoma 37 in the right thigh received a single intra- 
peritoneal injection of either podophyllotoxin (10 mg. 
per kilo) or picropodoplijdlin (75 mg. per kilo). The 
mice were killed at intervafs ranging from 8 fiours to 10 
days after injection and no significant change was ob- 
served in histologic preparations of liver, spleen, lung, 
kidney, and intestine. The tumor tissue, however, 
showed necrosis and mitotic arrests and the osmio- 
philic granules were greatly depleted in the fasciculata 
of the adrenal gland. Chronic toxicity changes in tissues 
are being studied in normal Swiss mice. 

GLYCOLYTIC EXHIBITOR THERAPY IN HU- 
MAN MALIGNANT NEOPLASIA. Maurice M. 
Black, Israel S, Kleiner (by invitation), and 
HERifAN Bolker (by invitation). (Department of 
Biochemistry, New York Medical College, New 
York, N.Y.) 

In vitro metabolic studies of tumor tissue reveal a 
striking uniformity among diverse tumor types in re- 
gard to accentuation of aerobic and anaerobic glycoly- 
sis. The use of the glycolytic inhibitors fluoride, iodo- 
acetate, and malonatc on a series of more than 100 cases 
of diverse forms of human cancer was accompanied by 
objective evidence of tumor inhibition in cases of acute 
leukemia, Hodgkin’s Disease and Ij'mphosarcoma. This 
was not the case in patients with carcinoma of the colon, 
fundus uteri, ovary, pancreas, rectum, or in chronic 
leukemia, melanoma, chorioepithelioma testis, or with 
squamous cel! cancers of the check and pharjmx. Par- 
tial or questionable therapeutic re.sponse occurred in 
cancers of the breast, adrenal corte.x, cervix, lung, 
stomach, testes, and in fibrosarcoma. These obsen'a- 
tions suggest that while certain cancer types behave as if 
they were particularly dependent on glycolytic mecha- 
nisms for their energy requirements, this is certainly not 
the ca.se for all or even a majority of them. 


The limitation of the therapeutic efficacy of these 
agents to individual tumors or related neoplastic 137108 
mav be explained b3^ either of two possible alternatives. 
Either the inhibitory effect with these compounds repre- 
sents an action on a unique metabolic or structural fea- 
ture of these growths, or the concept of an essential en- 
tity of all malignant neoplasia as tacitly predicated on 
the basis of chemical and cytological observations is 
false or inadequate. The in vitro biochemical characteri- 
zation of tumor tissue may be a meaure of a manifesta- 
tion of malignancy rather than of its subtle essence or it 
may fail to reflect the ability of tissues to adapt to an 
unfavorable envdronment bv’ alterations of their meta- 
bolic patliwa5-s. 

A STUDY OF N-IODOACETIT, AiMINO ACIDS IN 
RELATION TO INHIBITION OF TUMOR 
GROWTH. Orrie M. Friedman and .ALEXaVXDER 
M. Rutenburg. (Introduced by A. Scligman.) 
(Department of Cliemistry, Harvard University, 
Cambridge, Kirstein Laboratory of Surgical Re- 
•scarch, Beth Israel Hospital, Boston, and Depart- 
ment of Surgery, Harvaril Medical School, Boston, 
Mass.) 

Since toxic substances related to essential metabo- 
lites seemed of interest for a study of inhibition of 
growth of tumors, derivatives of amino acids were pre- 
pared which were toxic and which could be readily la- 
belled with a radioactive isotope. N-iodoacetyl deriva- 
tives of tr3qitophanc, leucine and phenylalanine have 
been prepared. The relative toxicity in Swiss mice of 
these three substances and iodoacetamide was deter- 
mined and the abilit.v of the four substances to inhibit 
the growth of Sarcoma 37 in this test animal was stud- 
ied. The results have indicated that these substances in- 
hibit the growth of this tumor significantly, to different 
extents and in a manner apparently unrelated to sys- 
temic toxicity'. 

The radioactive analogues of the three iodoacetyl 
amino acids and iodoacetamide have been prepared by 
the use of I.”' The concentration of radio-activity' and 
its disappearance from blood, tumor and liver following 
intravenous injection of these substances have been de- 
termined. Radioactivity has been found in the three tis- 
sues in significant amounts, the concentration of activ- 
ity in tumor being consistently greater than in liver and 
less than in blood. The rate of disappearance of radio- 
activity' from tumor in the case of the three amino acid 
derivatives followed a similar characteristic pattern dif- 
ferent from that of iodoacetamide. 

INTRA-CYTOPLASMIC PHYSIOLOGICAL ME- 
DIA, M, J. Kopac. (Department of Biology, Wash- 
ington Square College of Arts and Science, New 
York University, New York 3, N.Y.) 

Cell inclusions and submicroscopic particulates iso- 
lated by' centrifugal fractionation e.spccially' for enzymic 
determinations require media that maintain such cy'to- 
plasmic fractions in essentially native slates. Such media 
are being developed and evaluated by methods involv- 
ing microinjection and micro-surface chemical tech- 
niques, E.\'perimental media that produce no appreciable 
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disturbances in tlie cytoplasm on microinjection, nor 
changes in structure and properties of mitochondria, 
microsonics, and nuclei, streaming, or sol-gel transfor- 
mations, sliould preserve formed components, on disin- 
tegration of the cell, in reasonably native states for sub- 
sequent isolation. 

Thus far, the best medium for My.xomycetc and ame- 
ba cytoplasm contains KCl, CaClj, and NaCl, in which 
K/Na = 9, and (K -f- Na)/Ca = 40. A satisfactory 
medium for isolating Arbacia egg inclusions contains 
IvCl and Na-citrate since ionic Ca must be avoided. For 
micromanipulative studies on salivary gland chromo- 
somes, the medium must be K-rich and Ca-free. 

Previous work has shown that cytoplasmic proteins 
in intact cytoplasm do not become surface denatured at 
oil/water interfaces. Accordingly, intracytoplasmic 
media were tested by surface chemical methods that 
can measure changes in surface denaturation of pro- 
teins at oil/water interfaces established in living cells. 
By simultaneously injecting aqueous media with the 
indicator oil, the action of these media can be compared 
with that produced on introduction of the oiI/\vater 
interface alone (traumatic cytolytic effect). 

Preliminary measurements indicate that media other- 
wise satisfactory for ameba cytoplasm significantly in- 
crease the surface denaturation of cytoplasmic proteins 
of the ameba. Intra-cytoplasmic media, therefore, 
should be further modified by adding calcium binders, 
chelating agents, nucleic acids, or anti-surface denatur- 
ating agents exemplified by his-amidinometliyldibenzyl 
or protamine. 

K-rich, Na-poor solutions fortified with either nucleic 
acids or ifs-amidinomethyldibenzyl produce much less 
surface denaturation of cytoplasmic proteins. None, 
however, produces the low degree of surface denatura- 
tion obtained at oil/water interfaces established with- 
out previous injection of intracytoplasmic media. Con- 
tinued investigations should yield better media for iso- 
lating complete enzyme systems in the form, probably, 
of submicroscopic cytoplasmic particulates. 

POLAROGRAPHIC STUDIES ON THE LIPIDS OF 
EPIDERMIS UNDERGOING CARCINOGEN- 
ESIS WITH METHYLCHOLANTHRENE. C. 
Cakruthers and V. Suntzeff, (Department of 
.\natomy, Division of Cancer Research, Washing- 
ton University Medical School, St. Louis, Mo.) 

-Vn alteration in a lipid occurs during the proce.ss of 
epidermal carcinogenesis in mice. Polarography of the 
lipid extractable material of mouse epidermis undergo- 
ing carcinogenesis was carried out in unbuffered and 
buffered mixtures of water, dioxane (50 per cent by vol- 
ume) and tetrabutylammonium iodide as supporting 
electrolyte. The lipids of normal and hj'perplastic epi- 
dermis gave a double or two polarographic waves while 
induced or transplantable squamous cell carcinomas 
showed only a single wave. In buffered solutions the 
waves of the lipids of normal and hyperplastic epidermis 
were found to be pH dependent. The single wave of the 
lipids of the carcinoma disappeared in buffered solutions 
showing that its presence in the unbuffered mixture was 
due to some lipid substance which acted as a buffer. 


The lipid material of the carcinomas did have a verv 
small amount of a reducible lipid, the half-wave poten- 
tial of which was significantly more positive than that 
of the first wave of epidermis, and is probably a com- 
pound characteristic of the carcinoma. This information 
indicates that epidermis in becoming carcinomatous 
either loses the lipid having the double polarographic 
wave or that this lipid is qualitatively altered from that 
found in the carcinomas. Normal human epidermis has 
the same double polarographic wave as the mouse, and 
the process of carcinogenesis in both species seems to be 
similar with respect to these reducible lipids. Efforts are 
now in progress to ascertain the nature of the reducible 
lipids. 

HISTOCHEMICAL STUDIES OF MOUSE HEPAT- 
OMAS PRODUCED BY CARBON TETRA- 
CHLORIDE. C. S. Lee (by invitation), R. E. 
Stowelu, and a. Villisana (by invitation). (De- 
partments of Oncology and Pathology, University 
of Kansas Medical School, and Department of 
Pathology, AYashington University School of Medi- 
cine, St. Louis, Mo.) 

The histochemical and cytological changes in the 
livers of mice following single and repeated feedings 
with carbon tetrachloride were followed through the 
stages of cirrhosis and hepatoma formation. At monthly 
intervals, 53 experimental and 15 control animals were 
started on the diet and all animals were killed and tis- 
sues fixed at one time. In addition to the usual trabecu- 
lar hepatomas, growth with acinous and lymphangioin- 
atous nature were seen. 

Tissues were stained for alkaline phosphatase, gly- 
cogen, lipase, ribosc nucleic acid, desoxyribose nucleic 
acid, lipids, bile ducts, and mitochondria. As compared 
with normal liver tissue cirrhotic liver showed only 
slight changes in alkaline phosphatase, glycogen and 
lipase reaction, while most of the hepatoma cells showed 
stronger staining reactions for alkaline phosphatase, 
glycogen, and reduced lipase reaction. Ribosc nucleic 
acid was increased in some hepatomas. The differences 
in the histochemical staining reactions between the 
cirrhotic and hepatoma tissue were frequently pro- 
nounced. 

After a single feeding of carbon tetrachloride the 
initial nectosis was followed by increased mitotic activ- 
ity and regeneration. Alkaline phosphatase and glycogen 
decreased markedly the first day and then gradually in- 
creased especially in the central parts of the lobule. 
Lipase activity decreased through the third day and 
started to increase five days after treatment. 

CYTOCHEMICAL STUDIES OF NUCLEOPRO- 
TEINS IN NUCLEI OF A TRANSPLANTED 
TUMOR (SARCOMA 180). Cecime LEUCuTp;- 
BERGEH. (Department of Zoology, Columbia Uni- 
versity, New York, N.Y.) 

The nucleoprotein content of resting nuclei of a 
viable tumor tissue was compared with th.at of pycnotic 
nuclei of necrotic areas of the same tumor. The relative 
amounts of desoxyribosenucleic acid (from the leulgcn 
reaction) and protein (from the Alillon reaction) m the 
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(lifierent nuclear tj'pes wre estimated in fixed sections 
by the microscopic photometric method of Pollister and 
liis. The methylgreen staining was used to detect a 
ciiange in the physical state of the nucleic acid. Cyto- 
logically 4 different tj-pes of tumor cells were selected 
for this study: a viable tumor coll (characterized by a 
distinctly basophilic cytoplasm, a spherical nucleus, and 
a large nucleolus) and three progressive stages of pj'cno- 
sis as judged by the increasing amount of condensation 
of the chromatin and reduction of the nuclear volume. 
The earliest pycnotic stage is characterized by a round- 
ing np of the nuclei, by a marked reduction of the nu- 
clear volume, by a decrease in the protein content, and a 
considerable reduction of the affinity of the chromatin 
for methylgreen. The total desoxyriboscnucleic acid, as 
indicated by the Feulgen stain, remains practically un- 
changed in comparison with the nuclei of the viable tu- 
mor cells. The loss of the stainability with methylgreen 
suggests that depolyraerisation of the desoxj’ribosenu- 
cleic acid has taken place. Later pj’cnotic stages show’ a 
further decrease in the nuclear volume and protein con- 
tent and a partial loss of the desoxyribose nucleic acid. 
'Whereas, in pj'cnosis, the reduction in the nuclear vol- 
ume and protein content and the nucleic acid depoly- 
inerisation are extensive at an early stage, the actual de- 
crease in the amount of deso.xj'riboscnucleic acid docs 
not become pronounced until much later. 

PH.\SE MICROSCOPE STUDIES OF MALIGNANT 
CELLS. Robert P. Zanes, Jr. (by invitation), 
Dorothy Esiibaugii (by invitation), and Herjjax 
.\. Hoster. (Ohio State University College of Med- 
icine, Columbus, Ohio) 

Scraping of the cervix and aspiration from the vag- 
inal canal and cervix at tire fime of pelvic examination 
have been used extensively in attempting to establish 
or ride out the presence of neoplastic disease using the 
Papanicoloau technique. This report is a preliminary 
discussion of observations made on material obtained 
from the same source and studied by means of the phase 
contrast microscope using unstained and supravitally 
stained smears. The specimens w'ere studied within two 
hours after preparation in order to confine observation 
to cells in the living state. An attempt has been made to 
correlate these observations with the clinical findings, 
the histo-pathologic pattern, Papanicoloau smear inter- 
pretations, and changes due to recent radiation therapy. 

In two hundred cases of normal individuals and in- 
dividuals with biopsy -proven neoplasia, the cyto-mor- 
phologic criteria suggesting malignancy appeared to be: 
(a) an increase in nuclear size and irregularities in nu- 
clear shape; (b) tlie presence of multiple, assymetrical 
nuclei: (c) the presence of large, irregular and multiple 
nucleoli: and (d) the presence of refractile cytoplasmic 
bodies, sometimes identical in size and shape and occa- 
sionally varying markedly. These bodies are observed 
arranged in a ring around the nucleus or in a rosette for- 
mation in a hof of the nucleus. 

Preliminary comparisons with the results of the Pa- 
panicoloau e.xaraination reveal agreement in approxi- 
mately 70 per cent of the cases studied. No statement 
can l)e made at this time concerning an increased effi- 


ciency of the phase contrast smear technique as com- 
pared with that of the Papanicoloau technique. The 
phase technique has the advantage of providing supple- 
inentar 3 ’ diagnostic information at the time of the pelvic 
examination without the delaj' associated with fixation 
and staining. 

STUDIES lYITH A RADIO.VCTIVE lODOTETR.A- 
ZOLIUM COMPOUND -AND WITH A NEW 
TETRAZOLIUM SALT WHICH A'lELDS A 
BLUE PIGMENT ON REDUCTIONL -Aknoed 
M. Seligjian, Rapmi Gofsteix (by invitation), 
and -Alexander M. Rutenburg (by invitation). 
(Department of Surgerj', Beth Israel Hospital, 
Boston, and Harvard Medical School, Boston, 
Mass.) 

Diphenj’l (p-iodoplienj’l) tetrazolium chloride has 
been prepared with radioactive iodine (I*®') in a series of 
sj'nthctic steps from I mg. of aniline and benzal phenj'l 
hj'drazone in a single reaction vessel. Following intra- 
venous injection of the radioactive tetrazolium salt into 
tumor bearing mice, radioactivity in the circulating 
blood dropped in 4 hour to 2 to 4 per cent of that in- 
jected. The highest concentrations of radioactivity were 
found in kidnej’, liver, and lung. Radioactivitj' persisted 
at higher levels in lung and in mesenteric fat. Sarcoma 
37 contained less radioactivity than most other tissues. 

-A water soluble, pale yellow tetrazolium salt has been 
prepared in good j'ield from the formazan obtained from 
benzal phenyl hj’drazone and diazotized dianisidine. 
The formazan produced by enzymatic or chemical re- 
duction of 'the tetrazolium compound is a deep blue 
water insoluble pigment. This pigment when dissolved 
in organic solvents may be measured colorimetrically in 
concentrations less than 0.5 microgram per cc. The 
tetrazolium compound is about as toxic as triphenj-l 
tetrazolium chloride. It is being used in the develop- 
ment of histochemical methods for demonstrating oxida- 
tion-reduction systems in normal and neoplastic tissues. 

NEW METHODS FOR THE HISTOCHEMICAL 
DEMONSTRATION OF INTRACELLULAR 
ENZA'MES. Arnold M. Seligman, and Leon H. 
Maniieimer, and jSIarvin Nachlas (b.v invita- 
tion). (Department of Surgerj’, Beth Israel Hospi- 
tal, Boston, and Harvard ^ledical School, Boston, 
Mass.) 

Utilizing the metliod first developed by Mcnten et al. 
for alkaline phosphatase, substrates have been prepared 
from naphthols which are split bj’ intracellular enzymes 
in the presence of stabilized diazonimn salts. Immediate 
coupling, which results with the naphthols as they are 
released, produces insoluble colored pigments in tissue 
sections at the site of the enzymatic activitj’. The fol- 
low’ing enzymes can be demonstrated: alkaline phos- 
phatase, three varieties of acid phosphatase, non-spe- 
cific esterase, lipase, sulfatase, and Il-blucuronidase. 

COLOR REACTIONS WITH MALIGNANT SERA. 
E.mil Weiss. (Department of Pathology, Peoples 
HnsnJt.'il riiicago IG, 111.) 
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A number of aniline dyes in dilutions 1 : lO.OCO do not 
show any color changes on addition of malignant sera. 
Sera of normal individuals, those afflicted with various 
diseases or benign tumors turn the original blue color of 
the same dyes green. The glassware must be clean and 
free of any acid or dye. The sera must be fresh and thor- 
oughly centrifuged. Turbid, hemolyzed, or icteric sera 
can not be used. The dyes are kept in 0.1 per cent stock 
solutions of rubbing alcohol (70 per cent isopropyl al- 
cohol). The stock solution is diluted with distilled water 
1:10 before use. To 0.5 cc. of the diluted stock solution 
of the dye 0.5 cc. of serum is added, the tube is shaken 
for a few seconds and the color changes are noted. A 
positive control containing a known malignant serum 
and a negative control containing a known normal 
serum are handled in the same manner. A dye control 
correspondingly diluted with water also is used. The 
tubes are placed overnight or for 12 hours in the re- 
frigerator and then the final reading is made. Eventual 
color changes become more distinct after standing sev- 
eral hours. Over 300 sera were examined with the above 
technic. Positive (blue) reactions were obtained in 89.1 
per cent of malignant sera. Azur II, toluidine blue, 
trypan blue, and victoria blue were found to be equally 
useful. This method applies to all tj'pes of malignancy. 
Hodgkin’s disease and various forms of leuceinia give 
consistently positive results. 

FURTHER STUDIES ON THE RELATIONSHIP 
OP MUCOLYTIC ENZYMES TO THE INVA- 
SIVE GROWTH OF CARCINOMAS AND 
SARCOMAS IN MICE. WiLLiAur L. Simpson, 
A. R. T. Denues (by invitation), and Patricia 
J. Keller (by invitation). (Detroit Institute of 
Cancer Research, Detroit 1, Mich.) 

The capacity for invasive growth forms the most 
critical point of differentiation of malignant cells from 
normal cells. In previous studies by Simpson et al., en- 
hancement of this property has been associated with 
injections of the spreading factor from testes, hyaluroni- 
dase. Coman and his collaborators failed to find such an 
effect with a benign tumor and with a transplantable 
sarcoma. Additional series of mouse transplantable 
squamous cell carcinomas and fibrosarcomas have been 
analyzed for the effects of local injections of hyaluroni- 
dase on invasive growth and metastasis. The findings in 
these experiments will be presented in detail. 

SEVERAL FACTORS THAT INFLUENCE j?-Dl- 
METHYLAjSIINOAZOBENZENE CARCINO- 
GENESIS IN THE RAT. Paul N. Harris. (Lilly 
Research Laboratories, Eli Lilly and Co., Indian- 
apolis, Ind.) 

Purified diets containing .09 per cent of jj-dimethyl- 
aminoazobenzene. were administered continuously in 
these experiments until the rats died or were killed for 
microscopic examination of their tumors. The rapidity 
of tumor development was influenced by the strain of 
rat employed. There was no difference between the 
Evans, Sprague -Dawley, and Harlan strains (the Har- 
an strain, obtained from a local breeder, is descended 


from the Wistar strain). As compared with these strains 
tumor development in rats obtained from the Wistar 
Institute was somewhat retarded, and in the Carworth 
Farms strain was even more delayed. Variation in the 
amount of cottonseed oil (5, 10, and 20 per cent) in the 
diet had no effect upon carcinogenesis. With a diet con- 
taining 20 per cent of olive oil, tumor development was 
slower than with diets containing 5 per cent and 10 pci 
cent. A diet containing 5 per cent of corn oil gave less 
rapid tumor development than diets containing 10 pei 
cent and 20 per cent. With a low level of riboflavin (2 
mg./kg.), there was no difference in tumor develop- 
ment in rats given 10 per cent and 30 per cent casein 
diets, but with a riboflavin level of 100 mg./kg., there 
was great retardation of carcinogenesis with a 10 pet 
cent casein diet. AVith a constant level of riboflavin (7.2 
mg'/kg.) and pyridoxine (3 mg./kg.), a diet containing 
10 per cent of casein gave less rapid tumor development 
than did one containing 7 per cent of casein and 3 per 
cent of liver extract. 

ENZYME INHIBITION IN RELATION TO CHEJI- 
OTHERAPY. AV. AAk Ackermann (by invitation), 
and A''. R. Potter. (McArdle Memorial Labora- 
tory, University of AA’isconsin, Madison G, AA is.) 

Studies are presented which emphasize the impor- 
tance of the dissociation constant of' the enzyme-inhibi- 
tor complex in relation to enzyme concentration. AA'hcr 
the constant is sufficiently small the per cent inliibition 
of the enzyme will be determined not only by the con- 
centration of the inhibitor but also by the concentration 
of the enzyme. By means of a graphic method, in which 
the rate of reaction was plotted against enzyme concen- 
tration, it was possible to show that in the case of certair 
inhibitors having very small dissociation constants th( 
activity of the enzyme was approximatelj' proportiona 
to (E)-(EI), where (E) was the total concentration o 
enzyme and (El) was approximately the concentratioi 
of added inhibitor. To describe the relationship a gen 
eral equation was developed to express the concentra 
tion of the enzyme-substrate complex in terms of tli 
total amount of enzyme, the amounts of substrate am 
inhibitor and the dissociation constants of the enzyme 
substrate and enzyme-inliibitor complex. 

From the standpoint of chemotherapy, these studie 
lead to the suggestion that it may be possible to inacti 
vate specifically an enzyme in cancer tissue even thougl 
the enzyme is not unique to cancer tissue. If a highl; 
specific inhibitor with a low dissociation constant i 
used, and if the enz 3 -me is present in lower concentra 
tions in cancer tissue than in normal tissues, it sliould hi 
possible to inactivate all of the enzj'me in the cance 
while inactivating smaller percentages of the enzyme ii 
normal tissues. 

PRODUCTION OF PROFOUND CHANGES L' 
BACTERIA BY RHYTHiMIC EXPOSUKE T( 
HEAT. R. R. Spencer and M. B. Melroy. (Na 
tional Cancer Institute, Bethesda, Md.) 

Heat has been shown to be both a carcinogen and i 
mutagen (Demerec. Brit. J. Cancer, 2. 114-11 <, 1 J48) 



Scientific Proceedings, lOJ/Q 


603 


By the use of liigh temperatures, a teclmique has been 
developed which results in profound permanent altera- 
tion of bacteria. The fundamental principle underlying 
this technique is a rhythmic injury-repair cycle of ex- 
posure extending over a long period of active multiplica- 
tion of the species propagated in serial cultures. 

Analysis of the experimental data reveals the impor- 
tance of three rhythmic factors in the adaptation of 
bacterial species to an unfavorable environment (high 
temperatures). These are: a) The iemperaiwe rhijihm 
(the duration of the interval of exposure); b) The rest 
rhythm (the duration of the period of freedom from 
heat); c) The transfer rhythm (the interval of transfer of 
the serial cultures). 

These rhythms and their interrelationships determine 
to a large extent the survival and adaptation of the 
species or its failure to survive. It is suggested that 
carcinogenesis may be basically a problem in survival 
and adaptation of somatic cells to unfavorable environ- 
ments over long periods of time. 

A HISTOPATHOLOGIC AND GENETIC STUDY 
OF TUMORS OF THE FORESTOMACH IN 
MICE TREATED WITH A SINGLE SUB- 
CUTANEOUS INJECTION OF METHYI,- 
CHOLANTHRENE. M. A. Bagshaw (by invita- 
tion), and L. C. Strong. (Department of Anat- 
omy, Yale University School of Medicine, New 
Haven, Conn.) 

Approximately .S,000 mice of the pBr subline were 
injected subcutaneously with 1 .0 mg. of methylcholan- 
threne at 00 daj's of age. Local lesions developing at the 
site of injection were previously described. An analysis 
of the first 78 tumors of the forestomaeh is presented. 
The mean latent period was 454 days. 

Hematoxylin-eosin, Laidlaw’s silver reticulum, Ma.s- 
son, and Van Gieson’s stains were employed. Ninety- 
nine per cent of the tumors were classified as either dif- 
ferentiated epidermoid carcinomas, spindle cell neo- 
plasms, or mixed tumors. One adenocarcinoma and one 
round cell tumor were found. The differentiated epider- 
moid carcinomas were composed of sheets of epithelial 
cells containing basal cells, spinous cells, and keratinized 
elements. The spindle cell neoplasms were characterized 
by bands and whorls of spindle shaped cells which con- 
tained scanty, ill defined cytoplasm and long, oval, 
usually hyperchromatic nuclei. The mixed tumors con- 
tained epidermoid as well as spindle cells. Comparison of 
the above three tjqres revealed numerous characteristics 
in common. The term, sarcoma, for the spindle cell 
lesion seemed unjustified. Metastases throughout the 
abdomen and thorax occurred frequently. Transplanta- 
tion of the epidermoid carcinoma to homologous hosts 
was successful. Intraperitoneal transplants resulted in 
tumors which killed the hew hosts within 2 or 3 weeks 
and were morphologically identical to the spindle cell 
neoplasms. 

Genetic analysis revealed relatively more stomach 
tumors, irrespective of type, in a single lineage over a 
period of 5 generations. 


RELATIONSHIP BETWEEN THE HAIRLESS 
GENE AND SUSCEPTIBILITY TO INDUCED 
PULMONARY TUMORS IN MICE. W. E. Hes- 
ton and Margaret IC. Deringer. (National Can- 
cer Institute, Betliesda, Md.) 

Higb-pulmonary-tumor strain mice were out- 
crossed to a strain of pink-eyed hairless mice and the 
Fi progeny in turn backcrossed to the pink-eyed hairless 
strain. This backcross generation provided a test for 
linkage between susceptibility to pulmonary tumors and 
both the pink-eye gene (p) and the hairless gene {hr). 
Ninety-two of these backcross mice were injected in- 
travenously each with 0.5 mg. dba dispersed in 0.5 cc. 
horse serum at from 2 to 3 months of age and were killed 
5 months later and the number of pulmonary tumors in 
each was recorded. No linkage between susceptibility to 
pulmonary tumors and the pink-eye gene was evident 
since the proportion of pink-eyed segregants with pul- 
monary tumors and the mean number of nodules found 
in the pink-eyed segregants was not significantly differ- 
ent from that of the non-pink-eyed segregants. There 
was, however, a relationship between susceptibility to 
the induced pulmonary tumors and the hairless locus. 
The hairless segregants were less susceptible. When the 
hairless mice were compared with haired in regard to 
proportion with tumors, the difference was borderline in 
significance but when compared in regard to average 
number of nodules per individual, a more delicate mea- 
sure of susceptibility, the difference was highly sig- 
nificant statistically. Growth curves of non-injected 
backcross mice indicated no difference between pink- 
eyed and non-pink-eyed segregants, but the hairless 
segregants were smaller than the haired. Possible rela- 
tionship between the effect of the hairless gene on 
growth and its effect on susceptibility to pulmonary 
tumors is discussed. 

A “MATERNAL INFLUENCE” ON THE GROWTH 
OF A TRANSPLANT.VBLE TUMOR IN AUCE. 
Morris K. Barrett and Walter C. Morgan (by 
invitation). (National Cancer Institute, Bethesda 
14, Aid.) 

That the incidence of spontaneous tumors and the 
successful inoculation of transplantable tumors arc 
strongly influenced by genetic background has been long 
established. It is also known that there is a “maternal 
influence” on tlie incidence of certain spontaneous tu- 
mors and the “take” of certain transplantable tumors. 

A transplantable mammary carcinoma which origi- 
nated in a C3H mouse was inoculated into Fi hybrid 
mice derii’^ed from reciprocal crosses between strain 
C3H and strain C (B alb C). The tumor grew progres- 
sively in all mice but a difference in the rate of growth 
wms observed that depended upon which strain was the 
maternal line of the hybrids and which the paternal. In 
all of eleven experiments the average weight attained in 
three weeks by the tumors was greater in the case of 
tumors growing in hybrids of the C3H maternal line. 
Under the conditions of these e.xpcriments the maternal 
influence noted was independent of the sex and age of 
the hosts, the absolute size of the tumors, tiie presence of 
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intercurrent disease, tlie donor of the graft (whether 
inbred or hybrid) and annual variations in laboratory 
conditions. The nature of the factor or factors whicli 
account for this maternal influence was not disclosed by 
these e.vperiraents. 

THE EFFECT OF CROWDING ON THE PENE- 
TRANCE OF AN HEREDITARY MELANOMA 
OF DROSOPHILA MELANOG ASTER.* M. H. 
Harnly (by invitation), E. D. Goldsmith, and 
F. Friedsian (by invitation). (Washington Square 
College and the College of Dentistry, New York 
University, New York, N.Y.) 

Crowding has been found to affect the penetrance of 
a benign hereditary melanoma in Drosophila melano- 
gaster. Single pair matings in 1 X4 inch vials gave a sig- 
nificant difference in penetrance of the tumor for one 
and eight day egg laying periods. To determine tlie ef- 
fect of knowi intensity of crowding (developing animals 
per vial) on the percentage of adult animals having this 
melanotic tumor, groups varying from 5 to 200 just 
hatched larvae were placed in vials of food. Approxi- 
mately 85 per cent of the adults had tumors at all con- 
centrations and 400 larvae per vial has given a similar 
value. When the longer egg laying period was simulated 
by adding 100 larvae per day for four days in the vials (a 
total of 400 larvae per vial) the penetrance dropped from 
85 per cent to 54 per cent on the large number of animals 
tested. Obviously, crowding as such does not affect the 
penetrance of this hereditary melanoma. The data sug- 
gest that the critical time in development for the onset 
of tumor growth is during the first larval instar and en- 
vironmental changes resulting from crowding determine 
in large part the penetrance or non-penetrance of this 
melanoma. These points are now under investigation. 

ADRENAL CORTICAL TUMORS IN A RECIPRO- 
CAL CROSS. George W. Woolley and Marga- 
ret M. Dickie (by invitation). (Roscoe B. Jackson 
Memorial Laboratory, Bar Harbor, Maine) 

A cross was made reciprocally between two strains of 
mice to see if maternal influences were of importance in 
the inheritance of adrenal cortical tumors. The results 
indicate that there is no major maternal influence, such 
as has been found with mammary tumors, associated 
with the inheritance. The tumors were of the type ob- 
tained following gonadectomy. Some observations on 
tumor development are included. 

AGE AND LYMPHOMA INCIDENCE IN CF-1 
MICE. Austin M. Brues, Miriam P. Finkel, 
Hermann Lisco, and George -A. Sacrek (by in- 
vitation). (Argonne National Laboratory, Chicago, 
111 .) 

Three large groups of CF-1 female mice, a total of 
2500 animals, have been maintained throughout life as 
controls for radiation experiments. The median life span 
of these animals is about GOO days and about 1 per cent 
survive beyond 850 days. 

* Aided by a grant from The National Cancer Institute, 
National Institute of Health, U.S. Public Health Service. 


Throughout most of life, the susceptibility to lym- 
phoma and lymphatic leukemia is approximalclv 
doubled at intervals of 85 days. After 700 days of age no 
further increase in morbidity rate is observed. This pat- 
tern of incidence is similar to that seen in the case of 
many human tumors. The three groups of mice were 
obtained over a three-year period, and the age incidence 
of lymphoma has remained nearly constant. 

MONOZYGOTIC TWINS WITH SIMILAR BREAST 
PATHOLOGY SUGGESTING THE ORIGIN 
OF MALIGNANT FROM BENIGN NEOPLA- 
SLV. Dudley Jackson, Jr. (by invitation), Dud- 
ley Jackson, Sr. (by invitation), F. W. Steinberg 
by invitation), and C. P. Oliver. (Nix Memorial 
Hospital, San iVntonio, and University of Texas, 
Austin, Texas) 

Twins “A” and “B” have strikingly similar breast 
pathology. Cysts were removed from “A’s” right breast 
at age 28. When the twins were age 36, “A” had a bleed- 
ing left nipple, and a simple mastectomy was performed. 
“B” had cysts removed from both breasts and “A” had 
a cyst removed from her right breast in 1041. “A’s” tis- 
sue showed “epithelial hjTperplasia.” “B” had another 
cyst excised a year later, and this also had “epithelial 
hyperplasia.” “B” developed the next tumor July, 1945, 
and the pathologist reported “chronic cystic mastitis, 
multiple papillary cystadenomas and intracanalicular 
adenofibroma and cysts with marked papillary infold- 
ings.” In October, 1945, “A’s” right breast showed epi- 
thelial hj^erplasia and pathological features very simi- 
lar to “B’s” report of three months earlier. “B” had a 
lump in her left breast in October, but delayed surgery. 
Simple mastectomy was done on “A’s” right breast in 
December at the request of the pathologist who consid- 
ered the lesions found on the biopsy in October to be 
“prccancerous.” Twelve days later, biopsy of “B’s” left 
breast showed intraductal adenocarcinoma and radical 
mastectomy was done. Histological examination of the 
tissue was suggestive of a transition from papillary epi- 
thelial hyperplasia to malignancy. The twins’ mono- 
zygotic origin was determined from studies of the AB, 
MN, and blood tj'pes, PTC taste thresholds, dermato- 
glyphics, and other physical characteristics. The family 
history shows cancer, glandular deficiency and diabetes 
among the twins’ relatives. The twins’ parents and other 
relatives were short lived. The twins and some relatives 
are highly infertile. 

COMPLEMENT FIXATION IN ANIMAL NEO- 
PLASLY II. DEVELOPMENT OF THE RE- 
ACTION IN NEW ZEALAND RABBITS CAR- 
RYING THE BROAYN-PEARCE CARCINOiMA. 
Lester D. Ellerbrook, Mark Riiees, and Hel- 
en Thornton (by invitation), and Stuart B . 
Lippincott. (Department of Pathology, School of 
Medicine, University of IVasliington and the Can- 
cer Control Division, National Cancer Institute) 

The inoculation of the neoplasm which had been car- 
ried in New Zealand white rabbits into adult animals of 
the same breed resulted in the production of definitelj 
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positive reactions in tkc majority of the animals devel- 
oping tumors. Test.s of sera obtained by serial bleedings 
of tlicse animals as a rvile showed definite complement 
ftxatiot! at 3 to 3 weeks after inoculation and tlie degree 
of fixation tended to increase with the continued devel- 
opment of the neoplasm. 

The maximum reactions were obtained with sera in- 
activated at approximately CO'’ C. Titers were calcu- 
lated from tlie voliime.s of complement required to reach 
the end-point of 50 per cent iiemolysis in tiie presence of 
normal serum and of test serum, both alone and in the 
presence of antigen. Thus far definitely positive reac- 
tions were not obtained witii rabbits bled serially or 
with those inoculated with such materials as turpentine, 
human serum, or normal rabbit muscle. 

NATURAL AND IMMUNE ANTIBODIES IN 
MICE WITH LOW AND HIGH TUMOR INCI- 
DENCE. IsRABn Davideohn (by inrdtation), and 
Kurt Stejik. (Mount Sinai Medical Research 
Foundation and the Chicago Medical School, Chi- 
cago, 111.) 

Natural hetcroagglutinins for sheep red cells and for 
human red cells were investigated in six inbred mouse 
strains; C57 black, Bagg albino C, C3H, dba. Marsh- 
albino, and Akm. Striking differences were found in the 
ability of the serum of these strains to agglutinate sheep 
red cells. Natural antisheep agglutinins were absent in 
40 to 00 per cent of the serum of mice of the C8H, dba, 
Marsh-Albino, Bagg albino C and Akm strains; the 
agglutinins present in these strains showed low titers 
(less than 10). In contrast, animals of the C57 black 
strain showed presence of antisheep agglutinins in nrore 
than 90 per cent, with titers above 10 in more than 50 
per cent. No sucli strain differences were found as to 
presence and titers of natural agglutinins for human red 
cells. 

Determinations of antisheep agglutinins and hemoly- 
sins, following intraperitoneal injection of sheep red cells 
into C57 black, dba, and C.IH animals, revealed a higher 
antibody production in the C.57 black mice than in the 
two other strains. Similar results were obtained in the 
three strains in regard to antibodies produced by injec- 
tion of human red cells. 

The significance of these findings is discussed in the 
light of previously reported differences in the storing 
ability of these strains. Both observations may be re- 
lated to differences in the riticulo-endothelial activity of 
the various strains. 

STRUCTURAL AND FUNCTIONAL CHARAC- 
TERISTICS OF SPONTANEOUS THYROID 
TUMORS LN A SWORDTAIL FISH SPECIES.* 
Aubrev Gorbmax (by invitation), and MynoN 
Gordox. (Barnard College, Columbia University 
and New York Aquarium, New York Zoological 
Society, New York, N.Y.) 

Tumorous enlargement and metaplasia of the thyroid 
has been observed in a relatively high incidence in older 
specimens of both sexes of swordtail, Xipliophorus 

* Borfc .aided by a grant from National Cancer Institute, 
t, .S. Public Uatith Service. 


monfezimac. Thyroidal tumors occur only rarely under 
similar laboratory and dietary conditions in related 
species; Xipliophorus pijgmaeus, Platypoccilus macula- 
ius, and Plaiijposcihis xiphidium. They have not been 
observed in X. hellerii, P. variaivs, or P. couchianus. 
The diet for all species consists of fresh lir-er, Pablum 
cereal, live tubificid worms, and dried ocean shrimp. In 
nature X. monicziimae, X. pygmaeus, and P. rarialus are 
found living together occasionally in the Rio Axtla, San 
Luis Potosi, Mexico. X. montezumae’s greater suscepti- 
bility may indicate a specific genetic difference. 

The main mass of the tumors in A', monfezumae 
varying from 35 to 50 millimeters in length is about 
5 mm. long and 4 mm. dorsoventrally. Histologically the 
tumor appears to consist mostly of a microfollicular and 
afollicular mass, well vascularized, and with abundant 
stroma. At the edge of the growth a few larger colloid- 
containing follicles may be found. Follicles may be found 
within bones and muscle, and heavily invading the gills, 
obviously interfering with respiratory function. 

Administration of tracer radioiodine to tumorous ani- 
mals and subsequent radioautography reveals that the 
bulk of the tumor takes up no iodine. Almost normal 
iodine intake is exhibited by the few peripheral colloid- 
filled follicles. 

THE EFFECT OF A PTEROYLGLUTAAflC ACID 
ANTAGONIST ON THE RESPONSE OF THE 
AMPHIBIAN IMMATURE OITDUCT TO 
ESTROGEN.* E. D. Goldsmith, Sidney S. 
ScHBEiBER (by invitation), and Ross F. Nigkelli. 
(Department of Histology, New York University 
School of Dentistry and New York Aquarium, New 
York Zoological Society, New York, N.Y.) 

Newly metamorphosed frogs {liana clamitans) were 
treated parenterally with estradiol benzoate, pteroylglu- 
tamic acid (PGA), and 4-amino-pteroyJgIutamic acid 
(aminopterin). One group of animals received several 
dosage levels of aminopterin, or PGA, or both, and was 
simultaneously treated with the estrogen. A second 
group was pre-treated with aminopterin, PGA, or both, 
for 2 to 3 weeks, and then, in addition, was injected with 
estrogen for a period of 2 weeks. Grossly, the oviducts of 
the estradiol treated controls exliibited marked enlarge- 
ment and coiling, whereas, the oviducts of the animals 
which received estradiol and aminopterin resulted in 
only slight enlargement and no coiling. Injections of 
estradiol for 2 weeks in animals pre-treated with PGA 
were followed by oviduct growth greater than that ob- 
served in estradiol controls. PGA in ratios of 100; 1 of 
PGA to aminopterin showed but slight reversal of the 
antagonist effect. Histological observations confirmed 
the gross Sndings. Mitotic counts and their possible sig- 
nificance as to the site of action of the PGA antagonist 
in inhibiting growth in the presence of growth stimulat- 
ing factor(s) will be discussed. 

STUDIES ON THE MECHLANISM OF ACTION OF 
AMIN0PTERLN(4-AMIN0PTERYLGLUTAM- 
IC ACID) ON THE LYAIPHATIC TISSUES 

‘.Aided by a grant from the National Cancer Institute, 
National Institute of Health, U.S. Public Health Service. 
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OF MICE. J. H. DouariERTY (by invitation), and 
T. P. Dougherty. (Division of Oncology, Depart- 
nient.s of Pathology and Anatornj', University of 
Utah College of hledicine. Salt Lake City, Utah) 

Aminopterin (4-amino-pteryl glutamic acid) is one of 
a group of .substances which produces acute involution 
of lymphatic tissues. This compound, a folic acitf an- 
tagonist, has received attention as a chemotherapeutic 
agent in acute leukemia. Since many agents produce 
lymphatic tissue involution through pituitary-adrenal 
cortical mediation, it was of interest to ascertain 
whether or not aminopterin acted through this mecha- 
nism. 

Aminopterin in saline was administered inlraperi- 
toneally in dosages of 0.02 mg. daily to adrenalecto- 
mized and unoperated CBA mice. This amount is lethal 
for mice in appro.vimatel 5 ' one week. After 5 days of 
treatment the animals were sacrificed and lymphatic 
tissues studied. A relativ'e and absolute decrease in size 
of all lymphatic tissues was observed in the unoperaled 
treated animals when these were compared with control 
mice of the same age. Involution of lymphatic tissues 
was not found in the adrenalectomized group altliough 
these animals lost as much weight as did the unoperated 
mice. A progressive absolute l 3 'mphopenia was observed 
in the unoperated animals after one da.y of treatment. 
A slight lymphopenia occurred in adrenalectomized ani- 
mals after 5 days of treatment and there u'as an inhibi- 
tion of the l,ymphoc.ytosis characteristic of adrenalecto- 
mized mice. This amount of aminopterin failed to inhib- 
it the growth of subcutaneous transplants of the Gard- 
ner Ijunpliosarcoma (CSHED) altliotigh it produced 
acute inyolution of the Ij^mphatic tissues of the tumor- 
bearmg mice. 

It is concluded that much of the effect of large doses 
of aminopterin on lymphatic tissues of mice is mediated 
through the adrenal corte.v although tJiere is evidence of 
some direct inhibitor}' action. 

THE EFFECTS OF 4-AMINO-N“’-METHYL- 
PTEROYL GLUTAMIC ACID AND 2,C.DIA- 
MINOPUBINE ON THE LEUKOCYTES OF 
THE NORMAL AND LEUICEMIC MOUSE.* 
J. H. BuHcHENAU.t J. L. Bbidler, and J. Nutting 
(Introduced by C. P. Rhoads). (Section on Mouse 
Leukemia of the Division of Experimental Chemo- 
therapy, of the Sloan-Kettering Institute for Can- 
cer Research, New Y'ork, N.A'.) 

In the screening of compounds for possible chemo- 
therapeutic effects against transmitted mouse leukemia, 
4-amino-N>“-methyl-pteroyl glutamic acid and 2,G-dia- 
minopurinc have been found to be effective hi prolong- 
ing the survival time of mice with the Ak 4 strain of 
leukemia. Since untreated mice injected with this strain 

* Tlii.s investigation was supported (in part) by a research 
grant from The National Cancer Institute of The National 
Institute of Health, TJ.S. Public Health Service, and (in part) 
by a researcli grant from The American Cancer Society. 

t Fellow of The .-tmerican Cancer Society, recommended 
by tlie Committee on Growth of The National Rcsa-irch Coun- 
cil. 


of leukemia show a marked increase in total leukocyte 
count and in the relative percentage of atj-pical pro- 
lymplibcytes, it was felt worthwhile to investigate the 
effect of these compounds on the blood picture of nor- 
mal and leukemic mice at therapeutic doses. 

4-Amino-N'“-methyl-pteroyl glutamic acid caused 
slight leukopenia in normal mice but there was no altera- 
tion of the differential count. 2,C-Diaminopurine, at 
these doses, had no significant effect on the total leuko- 
cyte count or differential of normal mice. The average 
leukocyte counts of leukemic mice receiving these drugs 
remained significantly lower than those of the leukemic 
controls after the ninth day of the experiment, and the 
differential counts done on the eleventh to the thirteenth 
day showed a suppression of the atjpical prolympho- 
cytes allowing a relative increase in the number of both 
mature lymphocytes and neutrophils. This suppression 
of the leukemic process with 4-amino-N'°-mcthyl- 
pteroyl glutamic acid was also reflected in the micro- 
scopic appearance of section of liver, spleen, kidney, and 
bone marrow. 

THE RESPONSE OF ACUTE LYMPHOID LEU- 
KEMLVS IN MICE TO 4-AMINOPTEROYL- 
GLUTAMIC ACID (AMINOPTERIN). L. AV. 
Law and Tjieuia B. Dunn. (National Cancer In- 
stitute, Bethesda, Md.) 

The effect of aminopterin has been studied on 4 trans- 
plantable lymphomas in the mouse. A detailed study of 
one of these, acute lymphoid leukemia, LI2I0, in the 
dba strain is presented, .it statistically significant in- 
crease in survival time (approximately 40 per cent over 
controls), inhibition in the growth of localized leukemic 
mass, inhibition of infiltration into hemopoietic organs 
and maintenance of a normal blood picture, were found 
at a non-to.\’ic optimal dosage level of 0.15 mg/kg. body 
weight. 

The optimal dosage required for a similar response of 
tlie same leukemic cells growm in a different genetic 
background, DBFi mice was found to be 0.20 mg/kg. 
Aminopterin is effective in adrenalectomized mice at a 
somewhat reduced dosage. Synthetic folic acid, Diop- 
teriii and Teropterin did not effect the course of this 
leukemia in dba mice. Partial reversals of inhibition 
have been obtained with Teropterin at a ratio of 1 ; 400, 

Despite profound inhibition in growth and infiltra- 
tion of leukemic cells, no histological differences in 
treated and normal leukemic cells hai'e been noted and 
no toxic effects of the drug have been found in various 
tissues studied at the optimal dosage used. A reduction 
in reticulocytes to approximately I the normal mouse 
and to tV the leukemic controls w'as noted. 

TRE--VTMENT OF ACUTE LEUKEMIA AYITH 
A-METHOPTERIN (4-AiMINO-N’'’-METHYL- 
PTEROYT GLUTAMIC ACID). Leo 31. 31eyer, 
(and by invitation) Franklin R, Miller, Man- 
uel J. Rowen, George Bock, and Julios 
Rutzky. (Department of Therapeutics, New Y’ork 
University College of Medicine, New Y'ork, N.Y. 
and the Department of hledicine, Jefferson hledical 
College, Philadelphia, Pa.) 
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Tliree children and 9 adults with acute leukemia were 
treated with a-methopterin (4-ammo-N''“-methyI- 
jiteroyl glutamic acid). One child showed clinical im- 
provement. Enlarged nodes and spleen were reduced in 
size. The leukocjdes fell from 100,000 to 10,000/cu.mm, 
hut blast cells persisted. A second child developed severe 
leukopenia with hj’poplastic marrow. In a third child no 
change in the blood picture occurred and death followed 
massive hematuria, rectal bleeding, and oozing of blood 
from gums and lips. Ii\ the adult group one patient 
showed clinical improvement with reduction of total 
leukocytes from 100,000 to 19,000/cu.nim. but blast 
cells remained. In another adult there was clinical im- 
provement on two occasions, with elimination of bone 
pain, subsidence of temperature, reduction of total leu- 
kocytes, and increase of neutrophiles. The bone marrow 
remained blastic. He developed exfoliative dermatitis of 
the hands and feet, bleeding from gums and lips, and 
ulceration of tongue and pharjmx while under treat- 
ment. These cleared up after the drug was discontinued. 
Four patients showed no hematologic or clinical im- 
provement but demonstrated toxic effects of the drug as 
manifested by dj'sphagia, nausea, ^'omiting, bowel 
hemorrhage and buccal mucosa ulcerations. Two cases 
developed severe leukopenia (200 W.B.C. /cu.mm.) 
with severe hj'poplastic marrow. Another patient devel- 
oped a less severe leukopenia but the marrow remained 
hyperplastic and blastic. All 3 cases showed oral lesions 
and gastro-intestinal bleeding. In 2 of the 9 adults a 
deep blue hemorrhagic infiltration of the skin was ob- 
served. Anemia persisted in all of the patients observed. 

THE INFLUENCE OF V/VRIOUS DIETARY FAC- 
TORS ON THE INDUCTION OF EPITHELIAL 
TUMORS m MICE. H. P. Rusch, R. K. Bout- 
WELL, and M. K. Brush (by invitation). (McArdle 
Memorial Laborator 3 ', liledical School, Unii'ersitj' 
of Wisconsin, Madison G, Wis.) 

The influence of specific vitamins and of less clearlj’^ 
defined dietarj' factors on the formation of cancer has 
been the subject of a considerable number of reports. 
Manj' of these investigations were made before the in- 
fluence of caloric restriction on tumor formation was 
known and before much information on the e.xact die- 
tary requirements of the mouse was available. The pres- 
ent investigation is a report of the influence of various 
vitamins and other dietary factors on the induction bj' 
benzp\-rene of epithelial tumors in mice. The caloric 
intake was carefully controlled. 

The mice were divided into groups of 48 and the fol- 
lowing diets were fed; (a) all vitamins high, (b) all vita- 
mins low, (c) thiamine-riboflavin low, (d) p.vridoxine 
Ion-, (e) niacin-pantothenic acid low, (f) thiamine- 
ribofla^-in-pyridoxine-niacin-pantothcnic acid low, (g) 
pteropterin substituted for folic acid, (h) highly purified 
diet, (i) rice diet, and (j) whole-wheat-milk diet. The 
vitamin level varied from minimal requirements to over 
one hundred times the required level in the high vitamin 
group. The final incidence of tumors was essentially the 
same in all groups e.xcept in group b, where the incidence 
was decreased by about 33 per cent. The condition of 


the mice on all the groups remained good except for a 
few in group c which showed a thiamine deficiencj' and 
group b where signs of pj'ridoxine deficiencj' were noted 
in several mice. Such deficiencies were cured bj^ the 
parenteral administration of the appropriate vitamin. 
The importance of controlling the caloric intake in such 
experiments is stressed. 

ON THE STIMULATING EFFECT OF DIETARY 
FAT ON CARCINOGENESIS. R. K. Boutwell, 
H. P. Rusch, and Miriaji K. Brush (by invita- 
tion). (McArdle Memorial Laboratory, Medical 
School, Universitj' of Wisconsin, Madison C, Wis.) 

It is recognized that increasing the fat content of the 
diet tends to increase the rate of tumor formation. This 
phenomenon has not been adequately' explained. At a 
fat level of 2 per cent, the incidence of epithelial tumors 
induced bj’ benzpjnrene in mice fed C, 8, 10, and 12.1 
calories per day was 19.5, 49, 70, and 82 per cent re- 
spectivelj'. In the same e.xperiment, mice fed a 28 per 
cent fat diet at the G and 10 calorie level had a tumor 
incidence of 30.5 and 76 per cent respectively. Forbes 
and coworkers have shown that there is a decreasing 
energy expense of utilization of the isocaloric intake of 
diets in the order of their increasing fat content. Using 
their data, it was calculated that the energy expense of 
utilization of the diet containing 2 per cent fat was about 
3.1 calories, while the dynamic effect of 10 calories of the 
diet containing 28 per cent fat was about 1.6 calories. 
Thus the net energy value of the 28 per cent fat diet was 
greater by about 1.5 calories. Bj' reference to a curve 
relating the tumor incidence to the caloric intake of a 2 
per cent fat diet, it was seen that the degree of tumor 
stimulation due to the 28 per cent fat diet was of the 
same order of magnitude as that which resulted from an 
increase of 1.5 calories in the 2 per cent fat diet. It 
appears that the ability' of fat to increase the net energy' 
value of a diet is sufficient to explain the fat effect. 

DEPENDENCE OF FORMATION OF SPON- 
TANEOUS MilMAURY CARCINOMA IN 
MICE ON THE PROPORTION OF DIETARY 
FAT. Albert Tannenb.aum and Herbert Silver- 
stone (by' invitation). (Department of Cancer Re- 
search, Medical Research Institute, Michael Reese 
Hospital, Chicago 16, 111.) 

The formation of some ty'pes of tumors is accelerated 
by' a “high” proportion of fat in the diet. It seemed 
worth while to examine the quantitative relationship be- 
tween tumor formation and the degree of fat enrichment 
of the diet. For these studies the spontaneous mammary' 
carcinoma was utilized. In one experiment employ'ing 4 
groups of 50 strain C3H mice, the proportions of dietary' 
fat were 2, C, 12, and 2G per cent of rations composed 
principally' of Purina fox chow meal, skimmed milk 
powder, conmstarch, and Kremax (partially hy'dro- 
genated cottonseed-soy'bean oil). In another experiment 
employing 5 groups of GO strain dba mice, the propor- 
tions of dietary fat were 2, 4, 8, IG, and 24 per cent of 
rations composed principally of casein, Kremax, corn- 
starch, salts, and B-vitamins. In both studies the pro- 
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portion of fat was increased bj' substituting Kremax for 
an equicaloric amount of cornstarch; protein, salts, and 
vitamins remained constant in amount. The diets were 
fed equicalorically at slightly below ad libitum, levels. 
The experiments were continued until the mice were 2 
years of age. 

The results of the two investigations were in excellent 
agreement. It was found that the rate of tumor forma- 
tion (as measured both by incidences and average times 
of appearance of the tumors) increased with increasing 
proportion of dietary fat. The effect was related spe- 
cifically to the proportion of dietary fat and was not 
caused by different caloric intakes or different body 
weights of the mice. 

THE EFFECT OF DIETARY FAT AND CARBO- 
HYDRATE ON DIETHYLSTILBESTROL IN- 
DUCED MAMMARY CANCER IN THE RAT.* 
AV. F. Dunning, W. R. Curtis, and M. E. Maun 
(by invitation). (Department of Patholog^q Wajme 
University College of Medicine; Detroit Institute 
of Cancer Research; and St. Mary’s Hospital, 
Detroit 1, Mich.) 

The effects of dietary fat were assayed under condi- 
tions of controlled caloric intake by placing 84 AXC 
Line 9935 female rats with diethylstilbestrol pellets im- 
planted in their scapular regions on isocaloric synthetic 
rations of varying fat and carbohydrate content. Diets 
adequate in protein, minerals and vitamins, varying in 
fat content from C.5 to 40.0 per cent with sufficient 
dextrin to equalize the caloric content, were fed ad 
libitum and restricted to rats in individual cages. The 
caloric consumption varied from 40 calories daily for 
rats On the ad libitum high fat diet to 34 calories for 
those on the ad libitum low fat diet and their paired 
mates on the high fat diet, and was restricted to 25 
calories in isocaloric portions of high fat, modified low 
fat, and low fat diets. 

Of the 07 rats which survived for at least 180 days, 
53 or 79 per cent developed 230 gross and 337 micro- 
scopic adenocarcinomas of the mammary gland. Re- 
stricting the caloric intake by 20 to 38 per cent of the ad 
libitum consumption did not decrease the percentage of 
rats which eventually developed mammary cancer, but 
increased the latent period from approximately 300 to 
400 days. 

More tumors were observed in a shorter average 
latent period in rats on a high fat diet than in their 
paired mates. Increased consumption of the high fat 
diet, however, lessened rather than enhanced these dif- 
ferences and the only consistent effect appeared to be an 
accelerated growth potential in the preformed cancer 
cells. 

RELATION OF DIET TO THE DEVELOPMENT 
OF MAMhLVRY TUMORS INDUCED BY 
FEEDING 2-ACETYLAMINOFLUORENE. 
R. W. Engel and D. H. Copeland (by invitation). 
(Laboratory of Animal Nutrition, Alabama Poly- 
technic Institute, xVtiburn, xVla.) 

* Supported in part by a grant-in-aid from the U.S. Public 
Health Service. 


iMammary tumors are eonsistently produced in fe- 
male rats of the AES strain when subsisted on semi- 
synthetic diets containing 0.03 per cent 2-acetyhimino- 
fluorene (see Engel and Copeland, these meetings, 1948; 
and Science, 108:336-37, 1948). 

Several diet modifications were employed to deter- 
mine the relation of nutrition to the development of this 
type of tumor. Two basal diets were employed, differing 
in protein-eontent and protein-source. Basal diet C-1 
contained approximately 11 per cent protein (9 per cent 
of casein and 20 per cent of degerminated corn grits) and 
basal diet C-20 contained approximately 20 per cent 
protein (6 per cent of casein and 30 per cent of alcohol- 
extracted peanut meal). Increasing the casein content 
of basal diet C-1 to 27 per cent resulted in more rapid 
body weight gains and an increase in consumption of 
the carcinogen. This, however, did not influence tumor 
incidence or time required for tumors to develop. 

The addition of a detergent to basal diet C-20 at a 
level of 0.5 per cent appeared to enhance the action of 
this carcinogen; tumors appeared earlier, grew more 
rapidly and killed the host earlier when this diet modifi- 
cation was made. The addition of teropterin to basal diet 
C-1 (50 mg/kilo) likewise caused tumors to appear 
somewhat earlier. I'^arying the riboflavin content of 
basal diet C-1 (from 1 to 100 mg/kilo) failed to influence 
tumor incidence or induction time. 

THE OCCURRENCE OF NEOPLASMS IN CHICK- 
ENS AS A RESULT OF PROLONGED 
CHOLINE DEFICIENCY. A. E. Schaefer (by 
invitation), D. H. Copeland (by invitation), and 
W. D. Salmon (by invitation) (Introduced by 
R. W. Engel). (Laboratorj- of Animal Nutrition, 
Alabama Polytechnic Institute, Auburn, xHa.) 

Cancer was observed in 12 of 23 chickens that died 
while receiving diets low in choline. No tumors were 
found in seven control chickens receiving the same diets 
supplemented with 0.3 per cent choline chloride for 
comparable periods of time. This extends to another 
species, the previous results on the production of neo- 
plasms in rats. (Am. J. Path., 22:1059, 1946, xVnnal 
New York Acad. Sci., 49:49, 1947.) Two diets, similar 
to those in the rat studies except for the vitamin and 
mineral modifications necessary for chickens, were used. 
At the beginning of the experiment the diets were sup- 
plemented with 0.1 to 0.3 per cent choline chloride 
w’hich was reduced to 0.05 per cent or zero after 13 to 23 
w'eeks. Neoplasms were observed after the birds received 
the low choline diets for 14 to 44 weeks or a total of 33 to 
GO w'eeks on experiment. A total of 16 tumors were iden- 
tified; three of these were classified as metastascs. 
xVdenocarcinoma of the liver was observed in 3 chickens 
and in two of these there were metastascs to the intes- 
tine. One chicken had a hemangio -endothelioma of tlie 
liver with a metastasis to the ovary. Cholangioma of the 
liver was found in one bird. One fibromyxoma and two 
embryonal nephromas were observed in the kidneys of 3 
chickens. Five subcutaneous tumors were found. Four of 
these were fibrosarcomas and one was a benign fibroma. 
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rilOSI'IIAMlDASE LV NEOPLASMS. George 
(J o.MOHi. (Dept, of Afetiicine, L'nivcrsit.v of Clii- 
fiigo, Cliicago 37, III.) 

Hesulli! olftainod ivilli tlie neiv liistoclicmical reaction 
for pliosjiliamida.so (Proc. Soc. E.xTier. Biol, and Med., 
In j)rcss) arc presented. This enzyme occurs in small to 
morleratc amounts in all tissues but in large amounts 
only in llic gray matter of the central nervous system 
am! in malignanl epithelial tumors. In over 60 carcino- 
mas of all kinds intense differential staining of the 
malignant change, setting it off against its environment, 
\\as obtained. The intensity of the reaction generally 
parallels morphologic criteria of malignancy, although 
.sometimes fairl.x’ intense reactions are obtained in rectal 
polyps, not malignant morphologically. In sarcomas the 
rc.sult.s are variable; some of them stain just like car- 
cinomas, nhile others slmw a patchv reaction or none at 
all. 

THE EFFECT OF CERTAIN STEROLS ON SUC- 
CtNOXIDASE, AND GLYCOLYSIS OF TU- 
MOR SUBCELLULAR (PARTICULATE) 
FRACTIONS. Kext Wight (by invitation), and 
Dean Burk. (National Cancer Institute, Bethesda, 
Aid.) 

It has been found that certain hormones act com- 
petitively on the succinoxidase system of the mito- 
chondrial elements of the S91 and Harding-Passey mela- 
nomas grown in dba and C mice respectively. The mito- 
chondrial elements (microscopically visible cytoplasmic 
particulates, mostly melanized; see Woods, Du Buy, 
Burk, Hcsselbach, and Lackey, in J. Nat. Cancer Inst., 
Fob. L‘H!)) were obtained by centrifugation at 10° C. of 
saline, glass wool-filtered tumor homogenates at lO.OOOjr 
for ‘.50 minutes after preliminary centrifugation at 25fi 
for 10 minutes to eliminate nuclei and heavy piiago- 
cytized cell material. The tumors used for studies of 
glycolysis were homogenized in isotonic sucrose. Oxygen 
consumption was measured manometrically after addi- 
tion of O.OoM phosphate (pH7), O.OOOOlM cytochrome 
c, and 0.02AI succinate. Glycolysis was measured by 
CO; liberation from a system consisting of a nutrient 
solution (made according to Le Page, J. Biol, Chem., 
176:1021-27, 1918) and the sterol. 

Diethyistilbestrol, at a concentration of ~ 135/ml. 
( 0=O.OOO5AI), inhibited part icuiatc o.vygen consumption 
00 to 75 per cent. Tiiis inhibition was markedly reduced 
or entirely eliminated by the simultaneous addition of 
~125,'ml. (=S=0.0002AI) progesterone or testosterone. 
Progesterone alone had no effect on oxygen consump- 
tion. SOI and Harding-Passey tumor particulates be- 
haved similarly except for differences in the o.xygen up- 
take. Diethyistilbestrol .also markedly inhibited or elimi- 
nated oxygen consumption by mitochondrial elements 
from tumors such as tlie C3HBA breast carcinoma and 
sarcoma 37 grown in CSH and C mice respectively. 

.Anaerobic glycolysis was stimulated 50 per cent in 
the case of the C3HBA breast carcinoma by diethylstil- 
bcslrol. 


fi-GLUCURONIDASE ACTIATTY AND LACTIC 
ACID CONTENT OF BODY FLUIDS OF PA- 
TIENTS AYITH AND AATTHOUT CANCER.* 
William H. Fistojan, Richard L. Markus, and 
Paul H. Pfeiffer (by invitation), and F. Hom- 
BURGER. (Laboratories of the Cancer Research and 
Cancer Control Unit of the Department of Surgei^' 
and the Departments of Biochemistry and Aledi- 
cine. Tufts College Medical School, Boston, and the 
Department of Clinical Research, Jewish Alemorlal 
Hospital, Roxbury, Mass.) 

Ordinarily those constituents of neoplastic exudates 
which derive from the metabolism of tumors are not in 
equilibrium with the same substances in the blood, be- 
cause of their more rapid genesis in the tumor and entry 
into the exudate, and because of the slow rale of return, 
of such components into the circulation. Therefore, it is 
reasonable to expect that the composition of pleural .and 
ascitic fluids occurring in the presence of malignancies 
would reflect the biochemical changes peculiar to the 
tumors. Substances in such fluids which occur in higher 
or lower concentration than in the blood thus are of 
metabolic interest in the study of malignancy. 

As a part of a systematic investigation on the sig- 
nificance of the chemical composition of fluids and secre- 
tions in human cancer, tlie ^-glucuronidase activity and 
the lactic acid content of a number of body fluids have 
been studied. Afeasurements of /7-glucuronidase activity 
were chosen because of the previous observations of one 
of us (AA'. H. F.), which indicated the presence in the 
majority of cases studied of liigher levels of /3-glucuroni- 
dase in cancer tissue than in the tissue of origin. Lactic 
acid was determined because of the well-established abil- 
ity of tumor tissue to produce lactic acid from glucose by 
anaerobic glycolysis. AA'herever possible the sediment of 
the fluid prepared by centrifugation was stained accord- 
ing to the Papanicolaou technique and studied micro- 
scopically. Pathological confirmation was obtained, in 
addition, by autopsy in a high percentage of cases. 

In a significant number of fluids from patients with 
carcinomatosis of the chest or abdominal cavities, both 
the glucuronidase and the lactic acid values were consid- 
erably elevated. In some, either one or the other showed 
abnormal values, and in others neither was abnormal. 
Determination of lactic acid by quantitative chemical 
methods was found essential, the usual clinical qualita- 
tive methods being entirely unreliable. Chemical and 
enzymological observations have been correlated with 
tlie clinical status of the patient, especially witli regard 
to previous therapy The considerations which led to 
this work on fluids contained in closed bod 3 - cavities 
apply in part also to bodj^ secretions and the same 
studies are being applied at present in this laboratory to 
gastric juice and vaginal secretions. The possible diag- 
nostic value of such determinations cannot of course be 
ascertained until sufficient comparative studies have 
been made on secretions, transudates and exudates in 
patients without cancer. 

* Tills work was aided bj’ an institutional grant of the 
.American Cancer Societj’ and by a research grant from the 
National Cancer Institute of the National Institute of Health, 
U.S. Public Health Service. 
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xVN xVN/iLYSIS OP THE iS-GLUCUEONIDxVSE 
CONTENT OF CIECHLATING WHITE 
BLOOD CELLS OBTAINED FROM HUMAN 
LYMPHOBLASTOMATOUS AND CONTROL 
WHOLE BLOOD SAAIPLES. A. John Anlyan 
and Jess F. Gamble (by invitation), and Herman 
A. Hoster. (Ohio State University College of 
Medicine, Columbus, Ohio) 

The work of Fishman and Anlyan has demonstrated 
a greater than normal content of the enzyme /3-gluco- 
ronidase in human neoplastic tissues. It has further been 
sliown that the enzyme ^-glucuronidase is present for 
the most part in the buffy coat of human blood. The 
purpose of the present study is a quantitative estimation 
of the (3-glucuronidase content of the buffy coat of hu- 
man Hodgkin’s disease and leukemic bloods. As a con- 
trol measure, a number of determinations using the 
blood of normal human subjects and patients with 
various malignant conditions other than lymphomata 
were made. 

A new method for separation of the buffy coat from 
the other elements of human whole blood has been de- 
vised by the authors. The /3-glucuronidase activity per 
gram of buffy coat in patients with Hodgkin’s disease, 
lymphatic leukemia, monocytic leukemia, and mj'e- 
logenous leukemia is determined with repeat determina- 
tions during and after therapy. The results at the pres- 
ent time indicate that the buffy coat /3-glucuronidase ac- 
tivity of patients with the leukemias and Hodgkin’s dis- 
ease varies significantly from the activity observed in 
the normal control group. 

ACID PHOSPHATASE ACTIVITY OF THE GAS- 
TRIC CONTENTS OF PATIENTS WITH CAR- 
CINOhlA OF THE STOMACH. Charles E. 
Dunlap and George W. Changes (by invitation). 
(Department of Pathology, School of Medicine, 
Tulane University and Charity Hospital, New 
Orleans, La.) 

In patients with carcinoma of the stomach histo- 
chemical studies by Gomori have shown high acid phos- 
phatase activity in the neoplasm and also in the sur- 
rounding gastric mucosa. Chemical determinations for 
acid phosphatase were done by the method of Gutman 
and Gutman on gastric contents, aspirated from a series 
of fasting patients with and without carcinoma of the 
stomach. It was found that aspirates having an initial 
pH of less than 3.5 seldom contained significant amounts 
of acid phosphatase and that the enzyme, when present 
in other samples, could be irreversibly inactivated, in 
viiro, by acidification to pH S.o or less; At a pH greater 
than 3.5 the enzyme was fairly well preserved for 48 
hours at 4° C. but rapid deterioration occurred at room 
temperature. Thus gastric aspirates containing “free 
acid” (pH less than 3.5) as well as those that had stood 
for more than 2 hours without refrigeration were consid- 
ered unsuitable for acid phosphatase determinations. In 
a great majority of the patients with carcinoma of the 
stomach no “free acid” was present and the aspirates 
were found to contain more than 10 units of acidphos- 
phatase per hundred cc. Most samples from patients 


without gastric carcinoma contained less than 10 units. 
The study, to date, has covered only a limited number 
and varietjf of gastric lesions and includes no ca.ses of 
early carcinoma. 

PURINE METABOLISM IN TETRAHi’MENA 
AND ITS RELATION TO NEOPLASTIC TIS- 
SUE. G. W. Kidder, Virginia C. Dewey, and 
R. E. Parks, Jr., Gilbert L. Woodside (Intro- 
duced by J. C. Aub). (Biological Laboratory, Am- 
herst College, and Zoological Laboratory, Univer- 
sity of Massachusetts, Amlierst, Mass.) 

The ciliated protozoan, Tetrahjmena gclcii, has been 
shonm to have a requirement for the purine, guanine, or 
its riboside. A series of purine analogues has been tested 
as inhibitors of purine metabolism. Of 1C analogues 
tested, 0 proved to have an inhibitory effect. Of these 
six, 4 were xanthine analogues. The inliibition indices 
were: caffeine, 100; theobromine, 150: theophylline, 225; 
and paraxanthine, 300. None of these inhibitions was 
completely reversed by guanine. The remaining com- 
pounds, 5-ammo-7-hydroxy-l-v-triazolo-(d)-pyrimi- 
dine and 5-7-diamino-l-v-triazolo-(d)-pyrimidine had 
indices of 0.075 and 85 respectivelj'. 

Recent tests on another series of twelve analogues 
showed that 2,6,8 triamino purine had an inhibition in- 
de.x of about 15. On the other hand, 2,4 diamino-5- 
formyl-amino-O hydroxypyrimidine spared guanylio 
acid. This demonstrates the ability of the organism to 
synthesize guanine and/or adenine by completing the 
imidazole ring. It appears that water is split out from 
the adjacent aldehyde and amino groups in the 5 and 4 
positions respectively. Acting on the assumption that 
neoplastic tissue differs from normal animal cells in its 
guanine requirement, the most effective compounds of 
this series were tested. Positive results of these tests 
which have been obtained will be reported. 

THE APPLICATION OF DIFFERENTIAL CEN- 
TRIFUGATION AND ELECTRON MICROS- 
COPY TO THE SEGREGATION AND USUAL 
STUDY OF HUMAN LYMPH NODE CELL 
MACROMOLECULAR PARTICLES IN THE 
SIZE RANGE OF 20 TO 300 ra/x. Mirloi S. 
Hosier, Bette J. McBee, and Harry A. Eolnick 
(by invitation), and Herman A . Hosier. (The 
Ohio State University College of Medicine, Co- 
lumbus, Ohio) 

Since no information concerning the segregation and 
visual study of human lymph node cell macromolecular 
components in the size range of 20 to 300 mg was avail- 
able in the literature, the present study w’as undertaken 
to develop a satisfactory technique for this purpose. 
Differential centrifugation was used to separate these 
lymph node cell components obtained from patients 
with Hodgkin’s disease and control diseases of diverse 
etiology. xVfter each step in the separation procedure, a 
study of these bodies was made in the electron micro- 
scope. , 

The research tools utilized in tins study were tJie 
ultra-centrifugc, the dark field microscope and tJie e ec- 
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Iron microscope. Clicmical and spcctropliotomctric 
studies were included as a supplementary guide in com- 
ponent separation. A numlier of separation tcchnicjues 
wilt he presented with the significant factors involved in 
each. These considerations include the tj7)e of diluent 
used, the hydrogen ion concentration, the duration of 
the extraction period at 4° C. and the methods of dif- 
ferential centrifugation. Calcium chloride and osmium 
vapor staining of formvar coated electron microscope 
screens whose surfaces arc covered with a fine film of the 
.sample to he .studied will he discussed. .A description of 
the preliminary observations recorded to date is in- 
cluded. 

EFFECT OF INOCUI.ATION OF THE ITRUSES 
OF INFLUENZA, HERPES, AND RUSSIAN 
FAR EAST ENCEPHALITIS ON THE 
GROWTH OF TRANSPLANTABLE TUMORS 
IN MICE. Alice E. Moore (Introduced by C. P. 
Rhoads). (Division of Experimental Chemother- 
apy, Sloan-Kcttcring Institute, New York, N.Y.) 

Three viruses of widely different characteristics were 
studied for their ability to grow in transplantable mouse 
tumors and to determine the effect of such a para- 
sitization in the viability of the tumor. 

It was found that both the viruses of influenza and 
herpes could grow for a limited period when inoculated 
directly into sarcoma 180. Their presence had no effect 
on thcjgrowth or transplantability of the tumor. There 
was no evidence that these viruses had any special 
affinity for either sarcoma 180 or the mouse adenocarci- 
noma EO 771. 

In contrast, the virus of Russian Far East Encephali- 
tis not only rapidly parasitized sarcoma 180 but showed 
a definite preference for the neoplasm. In the process of 
viral infection tumor growth was definitely inhibited. 
Complete destniction of the tumor, which could be 
demonstrated by bioassay into virus immune mice and 
by cytological study was always associated with sys- 
temic infection and death of the animal. 

ISOL.VTION OF THE MOUSE MAJIMARY CAR- 
CINOMA t'lRUS. S.xsiUEL Gh-vff, Wendell M. 
St-xn-lev, D.sk H. Moore, and Henry T. Randall 
(by invitation), and Cusn.UAN D, Haagensen. 
(College of Physicians and Surgeons, Columbia 
University, New York, and Rockefeller Institute 
For Medical Research, Princeton, N.J.) 

Characteristic sub-microscopic particles have been 
isolated from milk of high cancer strain mice. Tin’s ma- 
terial could not be detected in the milk of a cancer free 
strain. Minute amounts of this material produce car- 
cinoma in otherwise cancer-free mice. Similar particles 
were isolated from the milk of low cancer strain mice 
after they were foster-nursed on high cancer strain 
mothers. 

AN IMPROt’ED -METHOD FOR THE STUDY OF 
CERTAIN -MET.VBOLITES OF THE CAR- 
CINOGENIC AZO DA’ES. Nelson F. A'odxc. 
(Samis Grotto Cancer Research Laboratory, Medi- 
cal College of Virginia. Richmond, Va.) 


One phase of investigation of the problem of butter- 
yellow carcinogenesis in rats has been the demonstration 
of certain metabolites of the dye in vivo and in vitro. The 
methods by which such metabolites have been isolated 
and quantitated are somewhat tedious and require the 
use of special reagents and equipment. By an adaptation 
of the technique of paper chromatography, such separa- 
tions may be made conveniently and quickly. The meth- 
od requires no special equipment or reagents and the 
sensitivity compares favorably with existing methods. 
Since the separations are followed visually, the modifica- 
tions necessary for the isolation of new compounds or 
work on dyes other than butter-yellow are rapidly and 
readily made. A comparison of the in vitro metabolites of 
several carcinogenic and closely related non-carcino- 
genic dyes will serve to demonstrate the usefulness and 
limitations of the method. 

DISTRIBUTION OF PHOSPHORUS-CONT-AIN- 
ING COMPOUNDS IN IMAMMARY GLANDS 
AND ALAjMMARY TUMORS OF mCE BY 
RADIOBIOLOGICAL METHODS. S. Albert, 
and Ralph M. Johnson, and Patricia J. Keller 
(by invitation). (Richard Cohn Radiobiology 
Laboratory of the Detroit Institute of Cancer Re- 
search, Detroit 1, Mich.) 

-An attempt has been made to determine some of the 
changes in the metabolism of phosphorus-containing 
compounds accompanying mammary cancer develop- 
ment. Radioactive phosphorus was injected into tumor- 
bearing high cancer strain and into non-tumor bearing 
low' cancer strain female mice; 17 hours later thej' ivere 
sacrificed. Phosphorus-containing compounds of mam- 
mary glands and tumors were separated bj' a method 
modified from those of Schneider and Schmidt, and 
Thannhauser. 

The phosphorus in tumors was evenly distributed 
between the acid -soluble, desoxyribonucleic and ribonu. 
cleic acid fractions, and was lowest in the phospholipid. 
In mammary glands the phosphorus was highest in the 
acid-soluble fraction, lower in the phospholipid, and 
lowest in the ribonucleic and deso.xyribonucleic acids. 

The radioactivity was found to have the same general 
distribution in mamraarj' glands as in tumors. There was 
a definite shift, however, of radioactivity from the acid- 
soluble to the acid-insoluble fraction in tumors. This 
was evident in the desoxjTibonucIeic and ribonucleic 
acids but not in the phospholipid. At this interval after 
injection, the radio phosphorus per microgram of phos- 
phorus was about twice as high in the tumor desoxyribo- 
nucleic acid, ribonucleic acid, and phospholipid fractions 
as in the corresponding fractions of non-cancerous mam- 
mary glands. The nninvolved mammary glands of tu- 
mor-bearing cancer susceptible females contained more 
phosphorus on a wet weight basis than did those of can- 
cer resistant animals. This difference disappeared, how- 
ever, when expressed on the basis of total nitrogen, prob- 
ably indicating more glandular tissue per unit weight in 
the mammary glands of cancer susceptible animals. 
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AGE AND STEALN DIFFERENCES IN PHOS- 
PHORUS METABOLISM IN VARIOUS EN- 
DOCRINE ORGANS OF VnCE. Ralph M. 
JoiixsoN (by invitation), and S. Albert. (Richard 
Cohn Radiobiology Laboratory of the Detroit In- 
stitute of Cancer Research, Detroit 1, Mich.) 

Tile metabolic activity of endocrine glands in high 
and low cancer strains of mice may shed light on the re- 
lationship of endocrine activity to the process of car- 
cinogenesis. The important role of phosphorus in cellular 
metabolism suggests that the uptake of this element (as 
radioactive phosphorus) can be used as a measure of the 
functional activity of such endocrine glands. 

Mice of the C57 and dba strains were injected n'ith 
radioactive phosphorus (P^^) as inorganic phosphate, 
and killed at intervals up to 48 hours following the injec- 
tions. Pituitaries, thyroids, adrenals, testes, and blood 
were removed, digested, and aliquots taken for both 
radioactivitj’ assay and colorimetric determination of 

p3i 

Based upon accumulation of radioactive phosphorus, 
the testes of both strains were the least active followed 
by the pituitaries, thyroids, and adrenals, increasing in 
that order. Age variations did not alter this relationship. 
The adrenals of the immature dba mice were more active 
than those of C57 mice of a comparable age. The reverse 
was true, however, in the mature animals. The testes of 
the immature animals of both strains accumulated phos- 
phorus to the same extent. In the older animals, the 
phosphorus uptake by testes in C57 mice e.xceeded that 
found in the mice of the dba strain. IVithin either strain, 
the adrenals and testes of the immature animals ac- 
cumulated more phosphorus than the same organs of the 
mature animals. The uptake of radiophosphorus by 
pituitaries and thyroids appeared to be independent of 
both the age and strain of the animals. 

LOCALIZATION OF RADIOACTIVE COM- 
POUNDS IN TUMORS. Wm. G. Myers. (Col- 
lege of Medicine, The Ohio State University, 
Columbus, Ohio) 

Several hundred intermediate compounds are being 
collected and purified, or sjmthesized, to which are 
coupled radioactive sulfanilic acid labelled with S-®* and 
iodinated derivatives and isomers of it labelled with 
I-I31, by azo linkages. Most of the products are radioac- 
tive acidic or basic dyes of widely varied structures 
which contain several functional groups. Purification of 
these is readily carried out by chromatographic adsorp- 
tion methods. 

A rapid scaiming procedure has been evolved for the 
comparison of the relative concentrations of radioac- 
tivity in the liver, spleen, kidney, skeletal muscle, blood, 
and the transplanted tumors, C3HBA adenocarcinoma, 
loOSla spindle cell mammary carcinoma, and sarcoma 
37 in C3H, ABC, and CFW mice respectively, at 15 
minutes, 1 hour, 4 hours, and f25 hours after the intra- 
venous injection of approximately 1 mg. of each of the 
radioactive compounds. 

Two of the forty labelled compounds tested to 
date have shown concentrations of radioactivity in the 


carcinomas up to double those in the blood and five 
times the concentrations in the muscles at one or more 
of the intervals after injection. More extensive tests on 
these compounds and derivatives and i.somers of tiiem 
are in progress. 

THE DISTRIBUTION OF RADIOACTIVITY AND 
THE METABOLIC DEGRADATION IN THE 
MOUSE OF 20-METHYLCHOLANTHRENE- 
1 l-C*"^. WiLLiA^i G. Dauben and Dorotiie.y 
Mabee (Introduced by Hardin B. Jones). (De- 
partment of Chemistry and Radiation Laboratory, 
University of California, Berkeley, Cal.) 

These e.xperiments were undertaken to study the dis- 
tribution and metabolism of methylcholanthrene and to 
compare these findings with the dibenzantliracene re- 
sults of Heidelberger and Jones. 

Strain A male mice were injected with methylcholan- 
threne-C^''. Radioactivity was found in all tumors and 
in 24 per cent of the tumors more than 5 per cent of the 
injected dosage was present. The amount of methyl- 
cholanthrene injected had no effect upon the percent of 
activity found in the tumor. The tumors were then 
subjected to chemical analysis. The amount of methyl- 
cholanthrene which was found in the tumor was of the 
same order of magnitude as that reported in the diben- 
zanthracene study. It was also found that the distribu- 
tion of the degradation product of methylcholanthrene 
followed the same pattern as dibenzanthracene. Since 
the metabolism of methylcholanthrene and dibenzan- 
thracene is similar and whereas the carcinogenic index 
of methjdcholanthrene is three times that of dibenzan- 
thracene, it can be concluded that methylcholanthrene 
is three times more active and metabolizes three times 
more rapidly. 

Site 6f injection, liver, fat, and muscle were removed 
at intervals for rate studies. At the end of 7 weeks, 50 
per cent of the injected dose had disappeared from the 
injection site. Activity in liver, fat, and muscle was ab- 
sent or negligible. The rate of elimination in urine and 
feces was determined for the first week following injec- 
tion, and totally 1 to 3 per cent of the injected dose was 
eliminated in the urine and approximately 10 per cent 
in the feces. 

USE OF STARCH COLUMN CHROMATOG- 
RAPHY IN STUDY OF AMINO ACID COM- 
POSITION AND DISTRIBUTION OF RADIO- 
ACTIVITY^ IN PROTEINS OF NORMAL EAT 
LIVER AND HEPATOMA. Paul C. Zajiecnik, 
and Ivan D. Frantz, Jk., and jMary L. Stephen- 
son (by invitation). (Prom the Medical Labora- 
tories of the Collis P. Huntington IMcmorial Hos- 
pital of Harvard University at the Massachusetts 
General Hospital, Boston, Mass.) 

Animal tissue is composed of many proteins of var^ - 
ing amino acid composition. In the sjm thesis of these 
proteins and the direction of the sequential arrangement 
of the peptide bound amino acids it is likely that a num- 
ber of highly specific enz 3 ’mes participate. The possi- 
bility thus suggests itself that a change might occur m 
the proteosynthetic enzymes of malignant tissue 
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wrmlil l>c rcnccled in an altered amino acifi composition 
of tlie proteins syntliesized. Uy means of starcli cofiimn 
eliromatopraphy, and with tlie liclp of Drs. Stanford 
Jfoorc nnfl William Stein, comparisons have been made 
of the amino acid composition of trichloroacetic acid 
precipitated proteins obtained from primary rat hepa- 
tomas and from normal rat livers. Chromatograms from 
the normal and malignant tissues have been found to be 
in most respects supcrimpo.sable. A small but significant 
increase in the Icucine-isoleucine peak has, liowe%'er, 
been found in the hepatoma. 

In a series of in rilro experiments, C‘''-carbo.\yl- 
labeled alanine, C“-carboxyl-labcIed glycine, and 
XnHC '''03 have been added to tissue slices of normal 
liver and of hepatoma. Starch column chromatograms 
have been made of hydrolysates of the slice proteins at 
the end of the e.xpcriments. In the NaHC'^Os experi- 
ment.s, radioactivity has been found predominantly in 
a.spartic and glutamic acids, and in arginine. Smaller 
amounts of radioactivity Jiave also been found in gly- 
cine and serine, indicating carbon dioxide fixation in 
these amino acids in a manner as yet unexplained and 
heretofore unknown. Preliminary experiments suggest 
greater fixation of carbon dioxide in glycine in the 
hepatoma than in the normal liver slice. The fixation of 
carbon dioxide in the guanidine group of arginine is de- 
creased in the hepatoma. 

AMINO ACIDS IN HYDROLYSATES OF THE 
JIITOCHONDRLAL FRACTION IN NORALAL 
AND NEOPLASTIC TISSUES AS STUDIED BY 
PAPER CHROiMATOGRAPHY. Epge.ne Rob- 
EHTs and Ch.a.o-T’E Li (by invitation). (Depart- 
ment of Anatomy, Division of Cancer Research, 
Washington Universitv Medical School, St. Louis, 
Mo.) 

Mitochondria were isolated from normal mouse liver, 
pancrc.as, and kidney and from mouse mammary and 
scpiamous cell carcinomata and hepatoma by differen- 
tial centrifugation according to the method of Hoge- 
boora ci at. The isolated particles were the same size and 
shape as the structures identified as mitochondria in 
.smears made from homogenates and in free cells found 
in the sediment from the first low-speed centrifugation, 
and they possessed the .same staining characteristics 
with .Tanus green B before fixation and with aniline-acid 
fuchsin after fi.vation with osmic acid. 

.A.spartic acid, glutamic acid, glycine, alanine, valine, 
the leucines, serine, .and proline were the amino acids 
jire.sent in greatest quantities after hydrolysis of the 
mitochondria for ‘24 hours in ON HCl "in a scaled tube 
at 10!)° C. 'rhrconinc, txTosine, phenylalanine, cystine, 
histidine, and arginine were present in considerably 
.smaller quantities. The results indicate a large excess of 
f he dicarboxylic amino acids over the basic amino acids. 
The patterns found for the different tissues will be 
shown and the similarities and differences in the normal 
and malignant ti.ssucs will be discussed. 

AMINO .ACIDS IN CERTAIN NORAIAL AND NE- 
OPLASTIC TISSUES. H. E. S.vCBEnucH and 
C. K. Bukdes (by invitation), and C. .A. B.xuxuxx. 


(Department of Biochemistry, University of AA is- 
consin. Afadison C. AA'is.) 

Representative normal and tumor tissues were hy- 
drolyzed with acid or alkali for various periods of lime 
and the hydrolysates analyzed microbiologically for IS 
amino acids. The tumors included tlie Flexner-Jobling 
carcinoma, spontaneous mammary adenocarcinoma of 
the rat, sarcomas of the rat induced by methylcholan- 
threnc, and hepatomas induced by azo dyes. Tlie nor- 
mal samples included muscle and liver from normal rats, 
and liver from rats fed restricted amounts of food or fed 
a non-carcinogenic azo dye. 

Each of the 18 amino acids was found in every sample 
analyzed. The amounts ranged from 12 percent for glu- 
tamic acid (calculated to 10 per cent N in the moisture- 
free, fat-free, residue) to approximately 1 per cent for 
triqilophan and cystine. All other amino acids were pres- 
ent in intermediate amounts. For most amino acids op- 
timal amounts were foundafterS to 8 hours of hydrolysis. 
In general the percentages of the individual amino acids 
found in the tumor samples did not differ greatly from 
those found in normal rat liver or rat muscle, or from 
the values reported by others for representative cuts of 
beef or pork. 

However, the spontaneous mammary tumors of the 
rat proved to be e.xceptional in that they contained ab- 
normally high amounts of glycine (17.5 per cent) and 
proline (10 per cent) and relatively low amounts of his- 
tidine and methionine. The discrepancy is attributed to 
the connective tissue present in the latter tumors. 

THE EFFECT OF COB.ALT ON THE CORRELA- 
TION OF xNUCLEIC ACID CONCENTRATION 
AVITH RATE OF GROAVTH. Hilton Lbvt, 
Elizabeth Skutch, and Arthur L. Schade (in- 
troduced by Dean Burk). (Overly Biochemical 
Research Foundation, Inc., New York, N.Y.) 

The concentration of pentose nucleic acid (PN.A) and 
of desoxypentose nucleic acid (DNA) has been studied 
as a function of the rate of growth of Proteus vulgaris. 
During early logarithmic growth of the organism in 
meat extract broth, the concentration of PNA whose 
initial value ranged from 6 to 12 per cent of the dry 
w'eight, increased two to three fold. The concentration 
of PNA followed closely the synthetic activity of the 
culture, expressed as per cent increase in dry weight 
per hour. The DN.A concentration varied (3 to C per 
cent on dry weight basis) over the period of growth stud- 
ied and showed no correlation with the growth rate. 

Ceils of Proteus vulgaris, inoculated into meat extract 
broth containing growth-inhibitory concentrations of 
cobalt, behaved like resting cells in that they did not in- 
crease in size, nor divide, nor show the increased Qoj 
characteristic of normal growing cells. The changes in 
PNA concentration, on the other hand, followed a 
course that was essentially identical to tliat of growing 
bacteria, i.c. a 2 to 3 fold increase in PN.A concentration 
occurred at the same rate as in the control cultures. 
Such increase in dry weight of the culture as was found 
over the period of obsen-ation could be accounted for 
largely by the increase in the amount of PN.A. Tlie DN.A 
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concentration of the cobalt inhibited cells varied in a 
manner similar to that of the control culture. 

APPLICATION OF CHROMATOGAPHY TO THE 
SEGREGATION OF SUBCELLULAR P/Ul- 
TICULATES. Veunon T. Riley (by invitation), 
Marie L. Hesselbach, M. W. Woods, and Dean 
Burk. (National Cancer Institute, Bethesda, Md.) 

Melanized granules of the Cloudman S91 and Har- 
ding-Passey mouse melanomas can be reversibly ad- 
sorbed on celite columns and are thus subject to chro- 
matographic manipulation. As a consequence, certain 
other constituents of the tumor homogenates can be 
readil 3 ' separated from the granules, therebj' providing a 
basis for non-centrifugal segregation of a substantial 
portion of the other tissue components. The granules so 
separated appear essential^ as a homogeneous popula- 
tion in the phase contrast microscope. Granules of the 
Harding-Passej' tumor examined in the electron micro- 
scope were also essentially free of contaminating micro- 
somal elements and particulate debris. The mean diam- 
eter of these chromatographed granule preparations was 
0.3 to 0.4 microns, with a size range of approximately 
0.2 to 0.6 microns. 

The particulates separated from the S91 melanoma 
bj’ chromatographj' were studied enzymatically with 
respect to succinoxidase and dopa oxidase with a 
Q 02 (N) increase of approximately 6 told and 10 fold 
respectivelj’’ when compared to the starting extract par- 
tiall.v purified bj^ centrifugal clearance. 

The adaptation of chromatography to subcellular par- 
ticulates ranging from the chicken tumor agent in the 
virus range to melanized granules in the mitochondrial 
and bacterial range provides another method of sepa- 
rating and characterizing intracellular particulates. 

PHYSICAL CHEMICAL STUDIES ON SERA OF 
MYELOMA PATIENTS.* Kurt G. Stern (by 
invitation), Daniel Laszlo, and Joseph S. Kra- 
kauer (bj’- invitation). (Dept, of Chemistry, Poly- 
technic Institute of Brooklyn and Division of Neo- 
plastic Diseases, Montefiore Hospital, New Y^ork, 
N.Y.) 

The examination of the sera from 7 cases of multiple 
mj'eloma in the electrophoresis apparatus, using the 
Svensson optical sj'stem, revealed in 6 cases the pres- 
ence of a large amount of protein component migrating 
with the mobility of gamma globulin. Five of the pa- 
tients exhibited a hj’perproteinemia, with a total protein 
concentration ranging from 8.5 to 14 per cent, while 2 
sera showed a normal total protein content. One of the 
latter sera .vielded a nearty normal electrophoresis dia- 
gram while the other was found to have a low albumin 
and a high gamma globulin concentration. 

The protein fraction of lowest mobility was isolated 
bj’ preparative electrophoresis from the serum of a pa- 
tient in which it amounted to 70 per cent of the total 

* (This investigation was supported (in part) bj- a research 
grant from the American Cancer Society and the National Can- 
cer Institute of the National Institute of Health, U.S. Public 
Health Service.) 


protein present. The purified protein fraction was 
further characterized by measuring the sedimentation 
rate in the analytical ultracentrifuge, employing the 
Philpot optical system (sjt, = C X IQ-i^); the rate of 
free diffusion in a Claesson cell, using the schlieren- 
^anning method of Longsworth, the relative viscosity' 
in a capillary viscosimeter bj' a photographic recording 
method (i).„/c = 0.1), as well as the ultraviolet absorp- 
tion spectrum in a Beckman quartz spectrophotometer 
(«„,, at 278-282 mp), were also determined. 

The outstanding property of the protein studied by 
us appears to be its remarkable ultracentrifugal pauci- 
or monodispersity and its electrophoretic homogeneity 
which serve to distinguish the material from normal hu- 
man gamma globulin. 

CALCIUM AND POTASSIUM CONTENT OF RE- 
GENERATING TISSUES. Dale Rex Cojian, 
and (by invitation) Robert P. deLong, and I. 
Zeidman. (Department of Pathologj’-, University 
of Pennsjdvania, School of Medicine, Philadelphia 
4, Pa.) 

Observations by others have revealed a local defi- 
ciencj' of calcium in cancerous tissue. In our laboratorj’ 
the calcium deficiencj’ of cancer cells has been related 
to a decreased adhesiveness of these cells, which in turn 
we have related to the invasive propensities of malig- 
nant tumors. The present preliminary study was an at- 
tempt to determine whether calcium deficiency is al- 
ways associated with a state of active cell multiplica- 
tion, or whether its existence in cancerous tissue is de- 
pendent upon some other features of the neoplastic 
state. The material used consisted of normal and re- 
generating rat livers. Flame photometric determinations 
of the calcium, sodium, and potassium content of these 
tissues were made. No significant differences were 
found in the calcium content, although regenerat- 
ing tissue had a higher potassium content than the nor- 
mal. This result is consistent with the hj'pothesis that 
the low calcium content of cancer tissue depends upon 
some other propertj' than the rate of cell multiplication. 

MINERAL METABOLISM IN METASTIC BONE 
CANCER.* Daniel Laszlo. (Division of Neo- 
plastic Diseases, Montefiore Hospital, New York, 
N.Y.) 

Patients suffering from cancer metastases to the 
bones were studied under controlled metabolic condi- 
tions. Calcium, phosphorus, and nitrogen balances were 
determined in patients with predominantly osteoljdic 
and osteoblastic metastases respectively. The chemical 
data were correlated with the clinical course and with 
the therapeutic measures. 

HjTiercalcemia is frequentlj' associated with meta- 
static malignancy'. Among 70 breast cancers with bone 
metastases, studied within one year, 10 were found to 
have hypercalcemia. The importance of early recogni- 
tion and early' .treatment of this complication is illus- 
trated and the metabolic data are presented. Osteolytic 

* This investigation was supported by a research grant from 
the American Cancer Society. 
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nietn'-tiisc? appear to he characterized hy liigh urinary 
calcium concent ration . liigii urinary calcium output and 
a negative calcium halancc. In osteoblastic mctastascs 
.secondary to proslatic malignancy a low calcium con- 
centration in the urine, a low urinary calcium output 
and calcium retention were observed. The cfTcct of an- 
drogens and estrogens on the mineral metabolism of 
such patients is illustrated. 

TIIK SOUIICE OF TUiAIOR NITROGEiV IN RATS 
IJEARLXG WALKER CARCINOiMA 2.5G. 
Cii.sitt,Es D. Sheumak, .Ir. (by invitation), and 
G. Burroughs Mider. (Department of Surgery, 
The University of Rochester School of Medicine 
and Dentistry, Rochester 7, N.Y.) 

Earlier experiments in our laboratory indicated that 
the nitrogen content of Walker carcinoma 25C exceeded 
the amount of dietary nitrogen stored by the host dur- 
ing the period of tumor growth. Therefore, most of the 
nitrogen in the tumor must have been obtained from the 
rat’s tissues. The experiment to be reported was de- 
signed to show which tissues contributed nitrogen to tJie 
neoplasm. 

The wet and dry weights and nitrogen content of the 
livers, spleens, lymph nodes, kidneys, and hearts were 
determined in 20 rats bearing the Walker tumor and in 
pair fed normal controls of the same age, weight, and 
sex. The remainder of each carcass (“residue”) was 
analyzed for nitrogen content. The results indicate that 
most of the tumor nitrogen was contributed by tiie car- 
cass “residue.” The lymph nodes of the tumor-bearing 
rats lost oO per cent more nitrogen than did the pair fed 
controls while no significant differences were found in 
the weights or nitrogen content of the spleen and kid- 
neys in the two groups. The heart gave up nitrogen only 
in the rats with the largest tumors. The livers of the 
tumor-bearing rats, however, contained significantly 
more nitrogen than did the livers of the pair fed controls. 

MELANOMA IN DOGS. R, JI, Muurgax (Intro- 
duced by H. L. Stewart). (University of Colorado 
Mcdic.al Center, School of Jlcdicine, Denver, 
Colo.) 

Of !11 dogs with 30 melanomas (17 non-cancerous and 
10 cancerous), the sex (10 male and 11 female) and age 
to to 14 years in 27) were known in 30. The breeds af- 
fected usually had deeply or moderately pigmented skin. 
Tiic primary neoplasm was found on the head (8 on the 
eyelids and 4 in the cheeks), the thorax, and the ex- 
tremities in 20 casc.s. Tlie smaller tumors (less than 6 cc. 
in volume) were often non-cancerous and the larger 
(greater than 8 cc. in volume) were often cancerous. 
The characteristics of the neoplastic cells and of their 
growth pattern, the tendency to invade, and the metas- 
tasi.s were helpful in differentiating tlic cancerous from 
the non-cancerous melanomas, 

STUDIES OX SPOXTAXEOUS XE01’LAS3IA IX 
FISHES. r\'. GAXGLIOXEUR03L\ IX THE 
MARINE FISH, IIALICIIOERES BIVITTA- 
Tl'S (BLOCH), from BLMIXI, B.W.I. Ross 
I. Xigrelui. (New York .Vquarium. New Y'ork 
Zoologic.al Society, New York, X.Y.) 


Ganglioneuromatas in the Slippery Dick appear as 
nodules or raised wavy patches on the surface of the 
body. They vary in size from a few millimeters for the 
nodules to .several centimeters for the patches. The 
growths arc welt vascularized and occasionally heavily 
pigmented, especially if they occur in regions that nor- 
mally show a heavier concentration of melanopiiorcs 
(r.g. the lateral line). Histologically, the growth is com- 
posed of adult myelinated ganglion cells together with 
their processes and supported by a well developed retic- 
ulum. The hyperplasia extends from the corial region 
into the epitlielium and over the scales. There is a tend- 
ency to infiltrate the adjacent tissues and where the 
growth is found on the fins, the bony rays of the.se ap- 
pendages are invaded and replaced by the tumor cells. 
No metastases, however, were noted. Attempts to trans- 
plant the tumors to other areas in the same fish, and in 
normal fish, were without success. Seventeen hundred 
and eight.v-eight fish were examined and 1.57 per cent 
were found with one or more of these growths on the 
body. The incidence was greater among females than 
either males or immature fish. 

EFFECT OF VASCULAR OCCLUSION ON TRANS- 
PLANTED TUMORS. Julius S. Youngner and 
Glenn H. Algire, (National Cancer Institute, 
Bethesda 14, Md.) 

Previous work of the authors has indicated the im- 
portance of host vascular reactions, probably including 
local tissue anoxia, in the mechanism of action of cer- 
tain tumor-damaging substances. In the present study, 
mechanical interference with tumor blood suppl.v was 
used to simulate changes in circulator}' supply resulting 
from injection of the tumor-damaging substances pre- 
viously studied. 

Microscopic observations in vivo were made of the re- 
actions of normal and growing neoplastic tissues in- 
cluded within transparent chambers in CSH mice, prior 
to and following mechanical occlusion of the blood sup- 
ply to the window area. 

In the case of control windows without tumor trans- 
plants. vascular occlusion for periods of from 1 to .3 
hours resulted in no significant visible changes in any 
of the tissues under observation. Vascular levels re- 
turned to normal rapidly. 

IMien the blood supply to windows bearing sarcoma 
transplants was obstructed for similar periods, hemor- 
rhage developed in the tumors within 1 hour after flow 
was resumed and necrosis was obserx’cd 24 hours later. 
Normal tissues surrounding the sarcoma were un- 
affected. In all cases, renewed vascularization and 
growth of peripheral sarcoma cells occurred. In contrast, 
mammary carcinomas treated in the same manner were 
not affected, vascular levels rapidly returned to normal 
without any signs of hemorrhage or necrosis. 

These findings are discussed in relation to: (a) impor- 
tance of host circulatory reactions in tumor damage, 
caused by certain substances; (b) differences in re.sponse 
of vascular networks of sarcomas and carcinomas under 
the conditions of the experiments reported. 
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THE EFFECTS OF SEl^ERAL AMINOAZO DYES 
ON THE INTRACELLULAR COAIPOSITION 
OF RAT LIl'ER. J. M. Price (by invitation), 
E. C. Miller, J. A. Miller, and G. M. Weber 
(bv invitation). (McArdle Memorial Laborator3', 
Universitj' of Wisconsin, Madison 0, Wis.) 

Homogenates of the livers of rats fed various amino- 
azo dj'es for four weeks were separated bj' differential 
centrifugation into nuclear, large granule, small gran- 
ule, and supernatant fluid fractions. The fractions and 
whole homogenates were anal3’zed lor protein, nucleic 
acids, riboflavin, and protein-bound aminoazo dye. The 
data have been compared with earlier data (Price et al.^ 
J. Biol. Chem., 173:345, 1948; Cancer Research, 9, In 
press) on the same fractions from normal liver and from 
liver tumors induced by 4-dimethylaminoazobenzene, 
D3'es which are more or less carcinogenic than 4-di- 
methylaminoazobenzene produced greater or lesser 
changes, respectivel3’, than 4-dimethyl aminoazoben- 
zene. Thus, a carcinogenic dye (e.g., 3'-meth3d-4-di- 
meth3'laminoazobenzene) tended to make the liver more 
like tumor tissue while the non-carcinogenic 4-amino- 
azobenzene did not alter the composition of the liver. 
Increased contents of deso.\3'pcntosenucleic acid and 
protein in the nuclear fraction, decreased contents of 
protein, riboflavin, and pentoscnucleic acid in the large 
granules, a decreased content of pentosenucleic acid in 
the small granules, and an increased pentosenucleic acid 
content in the supernatant fluid appeared to be charac- 
teristic of pre-neoplastic liver. 

The non-carcinogenic d3’e 2-meth3d-4-dimeth3'lami. 
noazobenzene was a peculiar exception. It greatly in- 
creased the protein and riboflavin contents of the large 
granules. Thus the composition of this fraction changed 
in a direction opposite that found in tumor tissue. De- 
creases in the pentosenucleic acid contents of the large 
and small granules also occurred. As with the other 
dyes, protein-bound d3'e was formed in each fraction. 

THE EFFECTS OF SE'S^ERAL AJMINOAZO DYES 
ON THE SUCCINOXIDASE OF RAT LIVER. 
Y. R. Potter, J. M. Price (b3' invitation), E. C, 
Miller, and J. A. Miller. (McArdle Memorial 
Laborator3’, Universit3' of Wisconsin, Madison 0, 
Wis.) 

Homogenates of the same livers that were studied 63"^ 
Price ei al. (see previous abstract) were assa3’ed for the 
succino.xidase s3’stem and the oxalacetic oxidase s3'stems 
b3' techniques previously described. The amount of suc- 
cinoxidase was roughly proportional to the amount of 
protein and of riboflavin in the mitochondria, in which 
the enzyme has been shown to be localized. The three 
constituents were decreased b3' the carcinogenic dym 
3'-methyl-4-dimcth3daminoazobenzene and greatly in- 
creased by the 2-methyl compound, which is iion-car- 
cinogenic. The amount of enz5'me did not appear to cor- 
relate with any of the other cell constituents. 

When rats that had been maintained on the basal diet 
were placed on the same diet minus protein, the sne- 
cinoxidase of the livers dropped to appro.ximately the 
hepatoma level, which was also attained in 4 weeks b3» 
feeding the most potent d3’e. 


Since the mass of the mitochondria in terms of pro- 
tein, riboflavin, and succinoxidase per gram of liver or 
nuclear material can vary as much as 300 per cent from 
one experimental condition to another, it appears that 
the processes of synthesis and destruction of these cyto- 
plasmic particles can proceed at rates that differ from 
the rates of the corresponding processes in the nucleus 
or in the cell as a wliole. These observations suggest that 
the particles and the cells may have different rates of 
multiplication. 

FACTORS AFFECTING THE DESTRUCTION OF 
AZO DYES BY HEPATIC CELLS IN VITRO. 
Charles J. Kensler. (Department of Pharma- 
cology, Cornell Universit3' Medical College, New 
York 21, N.Y.) 

Earlier reports from this laboratory have shown that 
diet influences the ability of rat liver slices to destroy 
the hepatocarcinogen N,N-dimeth3d-p-aminoazoben- 
zene (DMB) and that this activity of liver decreases as 
their riboflavin concentration falls. 

DMB and a series of five related compounds of var3’- 
ing carcinogenic activdt3’ have been fed to rats main- 
tained on a casein-dextrose t3’pe diet and the riboflavin 
concentration in the liver and the ability of liver slices 
to destroy DMB have been determined. The rate at 
which hepatic cells destroy DMB and eleven related 
compounds in vitro lias also been determined. MetJj3'Ja- 
tion of either aromatic ring decreased the rate of de- 
struction. Meth3’Jation of the 2' position produced the 
greatest decrease. Methylation of the amino group did 
not greatl3' decrease the rate of destruction whereas 
eth3dation did. The oral administration of all six azo 
compounds decreased the ability of liver cells to destroy 
DMB in vitro but the administration of 2-acet3'lamino- 
fluorene did not. This effect is more closely related to 
their rate of destruction by liver in vitro than to their 
carcinogenic activit3'. Livers from fasted rats (39 to 48 
hrs.) also showed decreased activity. 

The determination of the rate of destruction of the 
primar3' and secondar3" amino compounds was compli- 
cated b3' the fact that 30 to 40 micrograms were lost 
even though the cells were killed by the immediate addi- 
tion of alkali. This loss can be prevented by the reducing 
agents thiogl3xerol or thiogl3'colic acid or b3’ keeping 
the slices cold throughout the homogenization until the 
benzene extraction of the d3'e is begun. Heating the tis- 
sue (5 min. boiling water) did not prevent the loss which 
has been found to be associated with the action of KOH 
on the heat coagulated fraction. In contrast the tertiary 
amino compounds are destro3'ed only in fortified ho- 
mogenates which are inactivated 63' heat in agreement 
with the recent report of Mueller and Miller. Cyto- 
chrome c greatly inhibits the destruction of DMB in 
fortified homogenates. 

THE CARCINOGENICITY OF CERTAIN FLUO- 
RO DERIVATIVES OF 4-DIMETHYLAMINO- 
AZOBENZENE IN THE RAT. J. A. jMiller, 
R. W, Sapp (by ini'itation), and E. C. Miller. 
(McArdle Memorial Laboratory, University of 
Wisconsin, Madison 6, Wis.) 



Srtcufijic Proceedings, J0J)9 


Tiif ^lclivilic^ of several fliioro and trifluoroniethyl 
ilcrivntives of J-diincdiylaminoaz.oltenzcnc as hepatic 
(•arrinof;cns for (lie rat were determined. Tlic 3'- and 
t'-lliioro derivatives were more active tlian -l-dimc- 
lliylaminoazoheiizcne wliiic llie 2'-fiuoro derivative was 
at least as active ns the parent dye. In contrast the 2'-, 
and -t'-tri(Inoromctliyl dcrivativc.s of llic dye were 
inactive even after feeding for 8 months. Tlic liigh ac- 
tivities of tlic 2'- and 4'-fluoro compounds arc of interc.st 
since previous work has sliomi that substitution in these 
positions with •> otlier groups produced compounds 
witli activities considerably below that of the parent 
compound. Furthermore, the prc.scnce of the very 
strong carbon-fluorine bond in the 2'- and 4'-posi- 
tions of these active molecules makes it unlikely that a 
benzidine rearrangement of these dyes occurs in riro. 
\ rccheck on the carcinogenicity of 2.4'-diamino-5- 
iliinelhylnminobtphcnyl. the hypothetical benzidine re- 
arrangement j)roducl that might be derived from 4- 
dimctbylaminoazobcnzcnc in rfro. showed again that 
this compound was inactive even after being fed at high 
levels for 8 months. Two tri-substituted derivatives, 
2', 4', (I'-lrichloro-, and 2', 4', G'-tribromo-4-dimc- 
thylaminoazobcnz.cnc, were also inactive. These data 
and those [ireviously reported on structural variations 
(.Miller and Miller. .1. Exper. Med., 87:189, 1948} indi- 
cate that stcric factors predominate amongst the several 
factors that probably govern the earcinogenicily of ring- 
suhslilulcd derivatives of 4-dimethyIaininoazobenzenc. 

'I'lIE CARCINOGENIC ACTIVITY OF SEVERAL 
STRFCTURAL ANALOGS OF 2.ACETAMINO- 
FLl'ORENE L\ THE RAT. E. C. JIiller, J. A. 
Miu.ei!. R. R. S.vxnr.v (by invitation), and R. K. 
llnowN (by invitation). (IMcArdlc Memorial Labo- 
ratory, Vniver.sity of Wisconsin, Madison G, Wis,, 
and Department of Chemistry, Vniversity of Al- 
berta. Edmonton, .\lberta, Canada.) 

'J'o study some structural features involved in the 
carcinogenic activity of 2-acctaminofluorcne, O.OSG per 
cent of 2.acctammofluorcnc and equimolar levels of 3- 
acctaminodibeuz.othiophcnc, 3-acetaminodibenzothio- 
phene-i)-oxidc, and 3-acctaminodibcnzofuran were fed 
in a grain diet for 8 months. Each compound induced 
mammary adenocarcinomas in female rats, but 2-accl- 
aminofluorcne and .‘l-acctaminodibcnzothiophenc were 
the most active; GO jicr cent of the females fed these 
compounds had tumors at 4 months. Squamous cell 
carcinomas arising from or near the car duct developed 
in rat.s fed each compound: the incidences were about 50 
per cent for both the male and female rats fed 2-acet- 
aminoflnorcnc and 3-acctaminodibenzofhiophene for 8 
months. Only 2-acctaminonuorenc elicited liver tumors; 
they were found in GO per cent of the males fed this com- 
pound for 8 months. In another connection 0.105 per 
cent of 4-<limethylaminodiphcnyl was fed in a purified 
diet for 8 months. Of the 10 males surviving for 8 
months :> developed .subcutaneous tumors and 2 had 
scpiamous cell carcinomas arising from or near the ear 
duct. 

The.'^' data demonstrate the eflcet of .substituents in 
the central ring on the carcinogenicity of 2-acctamino- 


fluorcne. Replacing -Cllr* by -S- docs not alter the 
carcinogenicity of the molecule for either mammary or 
ear duct tissue but abolishes its activity for the liver. 

Substitution of -S- or -O- diminishes the activity for 
the mammary and car duct tissue and abolishes it for 
the liver. Omission of the -CHr- bridge as in 4-dinicth- 
ylaminodiphcnyl still permits the induction of sub- 
cutaneous and car duct tumors. 

FRECANCEROUS CHANGES IN THE LI\'ER 
PROTEINS OF RATS FED ACETYLAMINO- 
FLUORENE. A. CL.\nK Griffin-, Hyl.v Cook, 
and .1. MURR.VY Luck (Introduced by .Ioseph C. 
Aun). (Department of Chemistry, Stanford Uni- 
versity, Cal.) 

Albino rats were maintained on purified diets contain- 
ing 0.04 per cent acetylaminofluorcnc for a period suffi- 
ciently long to induce liver tumors, .\ninials were sacri- 
ficed at approximately one month intervals during this 
prccancerous period and the total nitrogen, phosphorus, 
deso.xyribonucleoprotein, ribonucleoprotein, and ribo- 
flavin content of the livers determined. Similar determi- 
nations were also made on liver tumors induced by this 
agent. Parallel observations were made on the serum 
proteins by the electrophoretic method. 

During acetylaminofluorcnc carcinogenesis there was 
a decrease in the liver desoxyrihonucleoprotein which is 
in contrast to the azo dye carcinogenesis wlierein this 
fraction increases. The liver concentration of ribonuclco- 
protcin, riboflavin, nitrogen, and phorphorus also de- 
creased as the acetylaminofluorene was fed. Liver tu- 
mors resulting from this agent had lower concentra- 
tions of desoxyribonucleoprotein, nitrogen and phos- 
phorus than liver tumors induced by the azo dyes. The 
livers showed a progressive increase in size as the diet 
containing the acetylaminofluorene was fed. 

The dietary acetylaminofluorene re.sulted in some in- 
crease in the jfl-globulin of the serum, other serum pro- 
teins remained relatively normal. This is contrasted to 
the increase observed in the serum 7 -globulin fraction 
and no apparent effect on the jfl-globulin component 
that results from the carcinogenic azo dyes. 

HEPATOMAS FOLLOMTNG LNTRAHEPATIC IN- 
JECTION OF “MITOCHONDRIA FRAC- 
TION” OF CHEMIC-\LLY INDUCED HEPAT- 
Oj\L\S. j. Stasn’ey, K. E. Pascuikis, and A. 
Cantarow. (.Icffcrson Medical College, Philadel- 
phia 7, Pa.) 

Portions of hepatomas induced in 37 rats by feeding 
2-acctaminofluorenc were homogenized and fraction- 
ated by the differential centrifugation technique of 
Claude, as modified by Hogeboom cl al. A sample of 
each hepatoma “mitochondria fraction" was examined 
for the pre.scnce of intact cells or nuclei. None was found. 
One hundred gm. of normal liver was subjected to the 
same procedure and the entire “mitochondria fraction” 
examined for the presence of intact cells or nuclei. 
None was found. 

I arious fractions were injected into or implanted in 
the livers of normal adult rats under ether anesthesia. 
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Forty-six rats were thus inoculated with tlie “mito- 
chondria fraction.” Others were so inoculated with (a) 
crystals of acetaminofluorene suspended in plasma, (b) 
suspensions of intact hepatoma cells, and (c) the frac- 
tion removed at the first centrifugation, containing 
coarse cellular and nuclear particles and perhaps some 
intact nuclei. 

The host animals were sacrificed at varying intervals 
following inoculation. Typical hepatomas were found, 
after 29 and 35 days, respectively, at the site of inocula- 
tion in 2 of 3C rats receiving the “mitochondrial frac- 
tion” that survived longer than 7 days. None was pres- 
ent in any of 48 animals receiving the other materials. 
Focal necrosis with fibroblastic reaction was frequently 
present at the inoculation site, especially in animals re- 
ceiving the “mitochondria fraction.” The significance 
of these observations is discussed. 

TUMOR PRODUCTION AND METABOLISM OP 
AZOTOLUENE, AZOTOLUENE SPLIT PROD- 
UCTS AND ANILINE IN RATS ON VARIOUS 
DIETS. B. Ekman and J. P. STnosinECK (Intro- 
duced by Konrad Dobriner). (Department of 
Biochemistry and University Clinic, University of 
Lund, Sweden) 

Tumors of the bladder have been produced by feed- 
ing rats on a restricted diet described by Bowman and 
Miller together with 2,3-azotoluene or its split products 
o- and m-toluidine and o- and m-aminobenzoic acid. 
The same type of tumors are produced by feeding ani- 
line on the same diet whereas p-aminophenol does not 
give any tumors. The metabolism of these compounds 
was studied in rats on various diets and it was observed 
that with a complete diet wlien no tumors were ob- 
tained, increased amounts of the oxidized excretion 
products (aminobenzoic acids, aminocresols and p-ami- 
nophenol) were found in the urine. It has been possible 
to influence both the metabolism of the tumorigenic 
compounds and the tumor frequency by varying the 
protein and vitamin B (especially riboflavin) content of 
the diet. The increased output of the oxidized com- 
pounds was parallel to an increased sjmthesis and excre- 
tion of ascorbic acid. The role of the ascorbic acid in the 
metabolism of the compounds studied will be discussed. 

ANOhlALOUS ACTION OF CROTON OIL AS CAR- 
CINOGENIC PROMOTING AGENT. I. Behen- 
BhVM (by invitation). (National Cancer Institute, 
Bethesda 14, Md.) 

Croton oil, itself non-carcinogenic, can elicit tumors 
in mouse’s skin pre-treated a few times, or even once 
only, with a carcinogen (Berenblum, 1941, Mottram, 
1944). Under such conditions, the total tumor yield is 
dependent on the effectiveness of the preliminary action 
of the carcinogen, while the average latent period is a 
function of the subsequent croton oil treatment. (Ber- 
enblum and Shubik, 1947; 1949, Iti press.) 

A slight, but significant, difference in latent period 
was noted between the earlier and later series, both car- 
ried out in Oxford, England. The use of different batches 
of croton oil, in the two series, and the fact that mice 


from different sources were employed, might both have 
been responsible for the differences observed. 

A further investigation by the author is now in prog- 
ress at the National Cancer Institute, Bethesda, em- 
ploying croton oil of yet another source (from this 
country), and using 5 different inbred strains of mice 
(C, C3H, dba, C57 brown, and C57 black). These ex- 
periments, not yet completed, already indicate a low 
promoting effect of croton oil (less than 1 per cent tumor 
5 ’ield after 10 weeks of croton oil treatment, as com- 
pared to over 30 per cent, after the same interval in 
previous studies). About GOO mice are being employed 
in this study. 

Possible explanations of these results to be eonsidered 
are: (a) variation in concentration of the ‘promoting 
factor in different batches of croton oil; (b) presence of 
anticarcinogenic substances in some batches of croton 
oil; (c) influence of strains of mice used; and (d) condi- 
tions of maintenance (diet) and housing of animals, etc. 
These will be discussed. 

SOME OBSERVATIONS ON THE BIOCHEMICAL 
EFFECTS OF BERYLLIUM. Robert S. Grieh, 
Marlon B. Hoagland, and hlARGARET Hood (In- 
troduced by Joseph C. Aub). (From the Medical 
Laboratories of the Collis P. Huntington Memorial 
Hospital of Harvard University at the Jlassachu- 
setts General Hospital, Boston, Mass.) 

The relative simplicity of the element beryllium as a 
sarcomagenic and rachitogenic agent and its close pe- 
riodic relation to magnesium warrant study of the bio- 
chemical phenomena involved. Because of the imi)or- 
tance of dlkaline phosphatase in bone metabolism and of 
the activating effect of magnesium thereon, the effect 
of beryllium on several phosphatases has been studied. 

Beryllium in small concentrations markedly inhibits 
the alkaline phosphatase activity of crude extracts of 
bone, intestine, serum, and sarcoma tissue as well as a 
relatively purified intestinal phosphatase. Our observa- 
tions suggest a competitive relationship between beryl- 
lium and magnesium to this enzyme. Furthermore, re- 
versal of magnesium activation and beryllium inhibi- 
tion can be produced by adding citrate to the system. 

INDUCTION OF ADENOCARCINOMA AND 
OTHER LESIONS OF GLANDULAR STOM- 
ACH IN RATS BY INTRAMUR.VL INJEC- 
TION OF 20-METHYLCHOLANTHRENE. 
Harold L. Stewart, Williaji V. Hare (by invi- 
tation), Egon Lorenz, and James G. Bennett 
(by invitation). (National Cancer Institute, Be- 
thesda 14, Md.) 

Six-tenths milligram of methylcholanthrene suspend- 
ed in an aqueous solution of methyl cellulose (Metho- 
cel 4000 cps.) was injected at each of two sites into the 
wall of the glandular stomach of rats of the Osborn- 
Mendel, Marshal 520, and AXC strains. Of 90 animals 
which have been autopsied the following lesions were 
observed: adenocarcinoma, 1; adenoacanthoma, 2; sarc- 
oma, 4; and a massive diverticulum like lesion with 
atypical proliferation of epithelium, 57. The morpho- 
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Iu;rK- flinrnfltri-tir.s of llii'* latter Ie^ion. its pallio- 
Cfrir-M'-. its pot'-iMe neoplastic nature, anfl Uic rcsultsof 
transplantation are prescnte<l. A niarkcci rlitTerencc rvas 
noted in tlie mitnlierof lesions induced dependinp upon 
llic site of injection, tlie prepyloric repion l)cinp tlic 
more r('« 7 >onsive. 

lIlDSVNTHIvs^IS OF AMLXO ACIDS UXIFOIIMLY 

lai{1':lf;i) ^^•r^I hadioactive cabiiox, 

FOU rSK IX THE STUDY OF GIIOWTII. 
IVAV 1). I’llAKTZ, .In. and IIOWAUn Fkigei..max 
(I ntrodneed i)y Faui. C. Zamf.cnik), (From the 
Medical Ddioratorics of the Collis P. Hiintinplon 
Memorial Hospital of Harvard Fniversily. at 
Massarliusetts General Hospital, lloston. Mass,) 
'I'lie usefulness of amino .acids lal)clcd with radio- 
active earlion has hecn demonstrated in a mimbcr of 
laliomtories. With a few nolahle exceptions, most of the 
exj)eriinents have been e.arricd out with the simpler, 
non-essential amino acids, i)rimarily because of the difli- 
eully of s.vnlhesizinp the more complicated molecules 
from the radioactive startinp materials available, and 
the low yields obtainable. It .api)cars that more .signifi- 
eatil results cmild be obtained witii compounds which 
the tissues being studied arc incapable of srmthesizing. 
The purtjosc of the present work was to produce use- 
ful ptiantilies of the essential amino acids by bios.tm- 
Ihesis, The autotrophic haeferium Thiobacillm ihiooxi- 
daii.r was grown in an atmosphere of radioactive carbon 
diox’i<le. The bacterial proteins were isolated and h.v- 
ilrol.v7.ed, and the amino acid.s sejrarated by -starch col- 
titnn oliromalopraidiy. llccausc labeled carbon dioxide 
was the .sole source of carbon, the amino acids were 
uniformly labeled in all po.sitions. This point was con- 
firme<l by compari.'ons of the .specific activities of the 
various amino acids with each other, with allowance for 
the number of carbon atoms in each. Sufficient rpianti- 
tie.' were obtained for further studies of tumors in ani- 
mals. The s]>eeific activit.v of the products was about 
l.)0 microcurics per millimole of carbon. The culture 
vessel was so arrangerl that an.v carbon dioxide not uti- 
lized by the bacteria could be recovered. 

.V STUDY OF THE IIEEATD'E TOXICITY OF X- 
lODOACETYE AMIXO ACIDS AXD OF TIS- 
SUE. DlSTIUllUTIOX OF RADIOACTR-E 
AXAI.OGUES COXTAIXIXG 1'=' LX REL.V- 
TIOX TO IXIIIRITIOX OF GROWTH OF 
SARCOMA .-IT IX SWISS MICE. OnniE M. 
Fmr.nMAN ami .\i,r.x.vNnEn M. RirrENTiunc (In- 
troducerl by .\un-oi.i) Seugmax). (Department of 
ChemistrA-. Harvard University. Cambridge, 
Mass.. Kir-stcin l-aboratory of Surgical Research, 
Beth Israel Hosj»ilal. Boston, and Department of 
Siirperj-. Harvard Merlical School, Boston. Mass.) 
Sinct- toxic .sub.stanccs related to c.s.senti.al metabo- 
litc.s sc-cmc<l of interest for a study of inhibition of 
growtii of tumors, derivatives of amino acids were pre- 
pnre<i which were toxic .and which could be readily 
lal>eUe<l with a radioactive isotope. X-iodoacctyl deriva- 
tives of tr\ptophanc. leucine and phenylalanine have 
l>cen jin-parwi. T he relative toxicity in Swiss mice of 


tlie.se 3 .substances and iodoacctamide was determined 
and the ability of the 4 substances to inhibit the growth 
of Sarcoma 37 in thi.s test .aninml w.as studied. The re- 
.suils have indicated that the.se subslance.s inhibit the 
growth of thisliimor signific,anlly. to different cxtents.and 
in a manner apparently nnrclatcd to systemic toxicity. 

The radioactive analogues of the three iodoacctyl 
amino acids and iodoacctamide have been prepared by 
the use of I‘^'. The concentration of radioactivity and 
its disappearance from blood, tumor, and liver following 
intravenous injection of these substances have been de- 
termined. Radioactivity has been found in the 3 tissues 
in significant amounts, the concentration of activity in 
tumor being consistently greater than in liver and less 
than in blood. The rate of disappearance of radioac- 
tivity from tumor in the case of the 3 amino acid deriva- 
tives followed a similar characteristic pattern different 
from that of iodoacotamidc. 

A LABILE CAI.CIUM-RI130XUCLE0FR0TEIX 
COMPLEX IX THE REGIOX OF THE LI^’^ER 
CELL CORTEX. T. B. Rosexth.vi. and A. I. 
L.axsikg (by invitation), (Department of Anato- 
my, Washington University Alcdical School, St. 
Louis, Mo.) 

.A calcium binding mechanism apparently associated 
with the cell surface undergoes characteristic changes 
with age and with some abnormal growth patterns 
(h.% 7 )orplasia, cancer). We have .suggested that this cal- 
cium binding mechanism is related to cellular growth. 
The experiments here reported add information on the 
chemical nature and localization of intracellular calcium 
binding. 

By employing radiocalcium as a tracer, pxTonin as a 
marker, and “Cclite” as a selective adsorbent in a chro- 
inatograpliic procedure we have showna in homogenates 
of liver cells that calcium is hound to a nucleoprotein of 
the ribosc type. By employing ribonuclease, both in the 
chromatographic column and in the cytochemical locali- 
zation procedure of Brachet, further evidence has been 
found that the cell cortex is the region of calcium bind- 
ing. 

IXITLVL USE OF HIGH ENERGY DEUTEROXS 
AXD .\LPH.V P.ARTICLES IX CANCER RE- 
SE;VRCH.* C. A. Tobias (by invitation), Paet, 
Ros.ahx, H-ae Axger (by invitation), and Jonx H. 
Lawrence. (Division of Aledical Physics, Radia- 
tion Laboratory, and Department of Physics, Uni- 
versity of California, Berkeley, Cal.) 

Particle beams of high energ.v ions produced by ac- 
celerators, such as the 184" cyclotron in Berkeley (1), 
have several applications in the study of the biological 
effects caused by irradiation and of tumors. Aleasure- 
ments performed on 100 Mev deuterons and 380 Alev 
alpha particles indicate: (a) that such beams penetrate 
in tissue to a depth of approximately 14 and 7 cm re- 
.spectivel.v, with the ionization distributed overo-lielm- 
ingly in the main core of the beam, and negligibly in the 

* This work lias been carried out under the auspices of 
the .V.E.C. See also AECD 2009-A. 
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fraction scattered out, or in the secondary neutrons pro- 
duced; (b) the curve of specific ionization has a sharp 
peak, less than 1 cm from the end of the range, TJie ratio 
of peak ionization, to the ionization of the particles as 
they emerge from the cj-clotron, is about 4 : 1 for deu- 
terons and 6 : 1 for alpha particles. In agreement with 
calculations made bj’ Wilson (2), such beams appear ap- 
plicable to concentrated depth doses of irradiation. Most 
of the ionization may be concentrated in a sphere di- 
ameter at any part of the body, while the ionization in 
the tissues not directly in the path of the beam is re- 
duced to a minimum. The ratio of depth dose to surface 
dose, and the ability to direct the beam to a local spot, 
appear to be much superior to any other tj'pe of radia- 
tion. Some preliminary experiments were carried out by 
using tjTJe “A” mice and Strong transplantable mam- 
mary carcinoma. The deuteron beam was passed 
through the body of the animals with absorbers placed 
in the beam in such a way that the tumors received the 
highest specific ionization. Some of the tumors showed 
complete regression this way, without producing too 
severe radiation damage to the body of the animals. A 
more complete study is under way concerning specific 
physiological and biochemical effects produced by ir- 
radiation of the animal body, tumors and specific or- 
gans. 

1. W. M. Brobeck, E. 0. L.-iwren’ce, K. R. McKenzie, 
E. M. McMilx4AN, R. Serber, D. C. Sewebl, and R. L. 
Thornton. The initial performance of the 184" Cyclotron 
of the University of California. Physical Review, 71:1947. 

2. R. R. Wilson. Radiological Use of Fast Protons. Radiol- 
ogy, 47:487, 1946, 

ANALYSIS OP LYiMPHOMA INDUCTION BY 
X-RAY LN MICE. George A. Sacher (by invi- 
tation), and Austin M. Brues. (Argonne National 
Laboratory, Chicago, 111.) 

CF-1 female mice 120 days of age were treated with 
total body X-ray, using single and daily fractionated 
dosages between 400 and 1200 r. The incidence of lym- 
phoma was determined (grossly at autopsy) and studied 
as a function of time and treatment. The total cumula- 
tive incidence is determined by the size of the dose and 
the fractionation pattern. Mlien the logarithm of the 
rate of morbidity is plotted against time after treatment, 
a set of curves is obtained which is characterized by a 
peak in morbidity a few months after treatment, with a 
subsequent approach to the normally rising control 
morbidity curve. The incidence a year or more after 
treatment is little in excess of that of controls of the 
same age. When the morbidity rates are considered as 
the sum of the normal age incidence and the superim- 
posed carcinogenic response, it is found that the carcino- 
genic response curve changes in amplitude (but not in 
form) with alterations in the dosage. 

EFFECTS OF IRRADIATION WITH X-RAYS ON 
maaiARY TUMOR TRANSPLANTS OB- 
SERVED IN VIVO. Ruth M. Meruin, Glenn 
H. Algire, and Henry S. Kaplan. (National 
Cancer Listitute, Bethesda 14, Md.) 


Direct microscopic observations through a mica win- 
dow have been made of the effects of X-radiation on 
mammary adenocarcinomas transplanted beneath the 
skin of strain C3H mice. The tumors were e.xposed to 
2i to five thousand r, the remainder of the animal being 
shielded. At the time of treatment the implant had 
usually been in about a week and was 2 to S mm. in di- 
ameter. Effects were observed on tumor growth rate, 
vascular reactions, translucency, appearance of fat 
cells and acinar structures. 

Six hours after irradiation the only reaction noted is 
enlargement of the tumor. Eighteen to thirty hours after 
treatment no further increase in size is found although 
there is sometimes shrinkage from the original size at 
the higher doses. A general opacity of the tumor tissue 
is conspicuous but no evidence of vascular damage is 
observed. During the next few days the tumor decreases 
in size and the vascularity is greatly reduced as the ve.s- 
sels become much narrower or disappear. Resumption 
of growth of tumor tissue after irradiation was folloB-ed 
in two instances. The first indication of recovery was 
the enlargement of blood vessels in scattered areas, fol- 
lowed by the development of translucency and the pro- 
gressive growth of these foci. 

The interpretation of the observed changes is dis- 
cussed in relation to the role of the vascular clianges 
following irradiation. 

HISTOLOGICAL CHANGES PRODUCED BY A 
SINGLE LARGE INJECTION OF R.VDIO- 
PHOSPHORUS (P^-’) m ALBINO RATS AND 
IN esH MICE. B. Grad and C. E. Stevens 
(Introduced by C. -P. Leblond). (Department 
of Anatomy, .McGill University, Montreal, 
Canada) 

Young male and female rats and adult female C3H 
mice with spontaneous mammary tumors received c 
single large dose of radio-phosphorus and were sacrificed 
2 hours to 10 days later. The destructive effects of P* 
are most marked in lymphatic organs and bone mar 
row, small intestine, granulosa of ovarian follicles, anc 
mammary tumors. Minor changes are noted in stomacl 
and colon and at later intervals in the seminiferous tu 
bules of testis, and hair follicles. The cellular destruc 
tions observed in all these organs consist of cloudj 
swelling and nuclear pyknosis. Nuclear abnormalitie: 
such as gigantism are found in recovering cells. In thi 
crypts of the small intestine, massive degeneration ant 
pyrosis of dividing cells results in thinning of the epi 
thelium of crjT>ts and villi, probably because no nev 
cells are supplied from the cr.i-pts to balance the con 
tinual loss of cells by extrusion normally occurring a 
villi tips. 

The mammarj' tumors sliow many scattered pyk 
notic cells at 24 liours after injection. At 48 hours largi 
blood lakes have formed without much tissue damage 
At 10 days most of the tumor is necrotic and liquefied 
probably because of interference with the blood supply 
Little or no damage is obsen-ed in salivary glands 
pancreas, liver, genitourinary system, endocrine glands 
nervous, muscular, and connective tissue. 
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Thus, as -KTth X-radiation- the laajor changes occnr 
in oraans vrith a rapid cell ttirooTer- These organs ■trere 
previotislv shcran to take up large amounts of radio- 
phospboms from the blood. 

EFFECT? OF CHROXIC mR-^DB-TTOX 

G.BI3B BAY? OX iLBDBRY TOIOR ES'- 
CIDEXCE ES' CsHb FEiLALE illCE. Eoos 
Lohesz. ^Vajlteb E. Efexorr. and .liXErr B. 
Rscf£BnrBEE>orEK. fXational Cancer Institute- 
Bethesda. Md.) 

One month old C.SHb fCSHvdthQut the milk agent; 
female mice vrere exposed to S-Sr o: gamma radiation 
for S hoars dailr and aatoprled rrhcn in monbund con- 
dition. The maximum accumulated dose ■seas approxi- 
matelr 5000 r. ilarnmarj,' carcinomas rrere observed in 
23 per cent of the animals rdth a mean tumor age of 15 
month .5 and sarcoma; at the site of the mammarc 
glands ■K-ere found in 33 per cent rdth a mean tumor age 
of 10 months. Comparing the experimental data on 
mammarx" tumor incidence rdth those of Heston 1 1) on 
extensively bred C-3Hb mice, the conclusion can be 
dravrn tiat irradiation hadens the appearance of mam- 
marv' carcinomas ■Kuthorat increasing the mcideace above 
that following extensive breeding. ^^Tiile sarcomas at 
the site of the mammary gland are rare in breeders, a 
high incidence of this tumor was found in the irradiated 
animals. Tne possible connection of this tumor with 
granulose cell tj-pe tumor of the ovaries will be dis- 
cussed. 

' I j Hestok. W, E. Role of Genes and Their Relation- 
ship to Eitrachromosomal Factors in the Develop- 
ment of ilammary Gland Tumors in iFice. Brit. J. 
Cancer 2:87-50. 1&48. 

LOC.AL lERADUTIOX .AXT) THE IXDUCTIO.X 
OF LYlMPHOn) TOIOR5 EX iHCE. Henet ?. 
K.«Pl.%r.'. (Department of Radiology. Stanford 
I'niversitv School of iledicise. San Franciwo. 
Cal.; 

MTiole-body exposure o: mice to roentgen rav-s in 
adequate dosage has Ions been known to yield lymphoid 
tumors. Strain .1 mice, which are moderately suscep- 
tible and strain C.57 black mice, which are highly suv:ep- 
tible to whole-body irradiation, have been studied fol- 
lowing local exposure. Strain C.57 black mice one month 
of age were treated over the anterior or posterior half 
of the Ix/dy with dad;.- doses of 100 r for 10 days, .\fter 
1 7 montfis. only i of .55 mice ( 4 per cent; irradiated over 
the upper half, and 1 of .55 mice *^2 per cent; irradiated 
over the lower half of the liody have developed lympb- 
o;d tumors. In previous experiments the incidence of 
such tumors following whole-body exposure of yotmn 
mice of this strain to the same total dose has averaged 
alwut 05 per cent at 10 months. Xo exact data are arail- 
alde for hah' of this total dose delrvered to the whole 
Ixyiy. but extrapolation indicates that a sisniScantlv 
higher incidence might be expected than was observed 
after hah'-body irradiation. 

Larger doses sharply localized to the region of the 
mediastinum or upper arjdomen have produced no 
lymphoid tumors in either stram- and mice of strain 


have also been completely refra-ctory to local treaume,.. 
over the skull or lower abdomen. These results suggest 
that .shieldina of one-hal: or more of the body from 
roentsen rays confers a considerable degree ot protection 
against the induction of lymphoid tumors in mice. 

TATES OF TR-EXSPLAXT-ABLE QV.ARLA X XEO- 
PE\SAI5 EXDUCED BY X-R-AY5 -AXD THEIR 
P.ATHOGEXESIS. T. B.cm ihy invitation), and 
I. Fckth. (A'eterau; .administration Hospital, 
Southwestern Aledical CoHege. Danas, Texas; 

Alost mice exposed to a single 50 r or more develop 
ovarian growths. Exposure of o'.-aries seems essential; 
rrridiation of pituitary region i; neither productive nor 
inhibitory. Prenatal irradiation did not yield ovarian 
tumors, while irradiation at I to 3 day; of life did. in 
most animal;. Most mice exposed to 150 r at tkh age are 
sterilized- but even those having multiple, seemingly 
normal presnanefes. eventually developed ovarian tu- 
mors. The primary growths are usually complex; granu- 
losa. Iuteo.ma. and rarely, angioma and sarcoma-13:e. 
Practically all of these are lienign. when killed at 
10 to 23 months of age. they were fo'md in the majority 
of mice of the senes irradiated at 1 to 3 days of age. 

The common tubular structures were lea-rt trans- 
plantable in series. Those successfully grafted were ex- 
ceedingly slow-growing. 

The -X-ray induced growth; seem to possess a greater 
antonomy than those indneed by the Bis.kind procedure. 
Many o; them appear mere massive hyperpLisias. Only 
granulosa tumors and luteomas secrete hormones, and 
their mother cells are known to he under hormonal con- 
trol; the mother cell of the common tubular adenomas 
and the rare types of neoplasms mentioned are neither 
hormcae-producing. nor under hormonal controL 

Several factors can be implicated in the genesis of 
these ttnnors: a. Excessive pituitary gonadotrophic 
stimulation a; indicated by the ELskind procedure: 
h. X-rays wem to exert a speciSc neoplastic stimulus, 
as on skin and other organs, non retuminu to ‘'nortnal" 
Once irradiated; c. Some local derangement of interde- 
pendent structures. 

FREE .AAUXO ACIDS EX XORALAL AXD XTO- 
PLASne TISStTS .\S STEDIED BY P.APER 
CHROAL\TOGR.\PHY. EcuHnu Rohskts. fDe- 
partment of .Anatomy. Dividon of Cancer Re- 
search. Washington E'nrversfty Aledical School, 
St, Louis, ilo.i 

-A survey was made of the free amino acids found in 
alcoholic extracts of freshly excised normal and neo- 
plastic tissues. Two-dimensional chromatocrams were 
made on aliquots corresponding to 75 mg. of fresh tissue 
after oxidation with H/I; on the paper. Sixteen diSer- 
eat normal tismes and samples of sqrjamous cell and 
mammary carcinomata and sarcoma 37 have been ex- 
amined. Epidermis showed the hinhest concentration of 
free amino acids of any of the tissues studied, a finding 
consistent with the extremely fdgh level of trichloracetic 
a-cid soluble nitrogen. With the exception of epidermi;, 
the malignant tissues studied had greater overall con- 
centrations of detectable constituents than did the nor- 
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mal tissues. The chief uiuh.vdrin-reactive substances 
detected in normal tissues were glutamic acid, aspartic 
acid, glycine, taurine, alanine, serine, glutamine, cj’s- 
tine, valine, and the leucines. Histidine was present in 
large quantities in brain, in small quantities in epider- 
mis and tumors, and was not detectable in the other 
tissues. Arginine and lysine were found in appreciable 
quantities only in extracts of epidermis, while prolinc 
and hydroxj'proline were detected in the epidermis and 
tumors, but not in other tissues. Some of the interesting 
differences observed among normal tissues will be dis- 
cussed. Sample chromatograms will be shown. 

There was a consistent pattern of distribution of free 
amino acids in the malignant tissues which was differ- 
ent from that of any of the normal tissues studied. 

THE relatrt: metabolism in vitro op 

ANALOGOHS MOUSE MAMMARY TUMORS. 
Anna Goudfeder. (Cancer Research Laboratory, 
Department of Hospitals, City of New Y'ork, and 
Department of Biology, New York Universitv, 
New York, N.Y.) 

In a previous report (“Growth in Tissue Culture of 
Analogous Mammarj' Carcinomas and Their Response 
to Radiation,” presented at the 1948 meeting of the 
American Association for Cancer Research— -in press, 
Cancer Research), it was demonstrated that two anal- 
ogous mammary tumors autogenous to homozj'gous 
hosts of dba and C3H strains of mice, both liistologically 
diagnosed as adenocarcinomas, differed widely in regard 
to their rate of growth and radiosensitivity. 

The present study is concerned with the relative rates 
of respiration, aerobic and anaerobic glycolysis of the 
above mentioned tumors. 

Actively growing tumors, free from necrotic portions, 
were used. For the determination of respiratory changes 
the Barcroft-Warburg manometric technique was em- 
ployed; for the determination of lactic acid in the sub- 
strate the Friedman-Contonio-Wendel metliod was 
used. Results obtained showed the metabolism of these 
two tumors (dba, C3H) to differ significantly. Thus Qoj 
of the mammary tumor of the dba strain averaged 5.0; 
Qo “2 averaged 25.2; Qo'''= averaged about 75.0 (dry 
weight, 00 minute basis), while the Qoj of the C3H 
mammary tumor averaged 3.8; Qo”® 8.6; Qg”^ 55.8. 

From both sets of experiments (growth and metabo- 
lism of the tumors used in this study) it is noted that, 
although both tumors appear histologically identical, 
nevertheless their biological and physiological charac- 
teristics appear to differ widely. One may infer that the 
morphological appearance of tumors is not a sufficient 
basis for their classification. 

The significance of the metabolic rate in relation to 
radiosensitivity of tumors will be discussed. 

YOLK SAC CULTIVATED TTBIOB TISSUE -AND 
EXPERBIENTS IN TUMOR CHEMOTHER- 
APY. II. NEUTRAL RED, ETHAH VIOLET, 
AND JANUS GREEN. Alfred Taylor and 
Irving Galinsky' (by invitation). (Biochemical 
Institute of the University of Texas and the Clay- 
ton Foundation for Research, Austin, Texas.) 


Cancer tissue cultivated in eggs by the yolk sac meth- 
od has been found to serve for the rapid testing of pos- 
sible anti-cancer compounds. Eggs were inoculated with 
tumor tissue on about the fourth day of incubation. By 
the twelfth day tumor tissue was well established on the 
inner wall of the yolk sac. The test compound was in- 
jected on the twelfth day of meubation through a tiny 
perf oration in the shell in such manner that the material 
was deposited between the shell and the chorio-allantoic 
membranes. The procedure did not increase the egg 
mortality over that of untreated controls. The experi- 
mental eggs and their saline injected controls were 
harvested 48 hours later on the fourteenth day of incu- 
bation and the effect of the test compound evaluated as 
it affected the weight of the tumor and the chick em- 
bryo. The yolk sac tumors were less variable in size and 
grew much more rapidly than the same tumor culti- 
vated in its normal host, the C3H mouse. 

Tests were made with neutral red, ethyl violet and 
Janus green which have been reported to inliibit cancer 
growth in mice. Altogether 11 experiments involving 
more than 300 tumor bearing eggs were completed. 
Neutral red at the maximum sublethal dose did not 
affect tumor or embryo growth. Ethyl violet inhibited 
tumor growth an average of 20 per cent; embryo growth 
was unaffected. Janus green slightly inhibited the 
growth of both tumor and embryo. 

EFFECT OF FOLIC ACID ANTAGONISTS ON 
TRANSPLANTED MOUSE LEUKEMIA. Ar- 
thur Kirschbauji, Sister Teresita Judd (by in- 
vitation), Nancy Geisse (by invitation), and 
Leo M. Meyer (Department of Anatomy, Uni- 
versity of hlinnesota Medical School, Minneapolis, 
Minn., and Department of Therapeutics, New 
York Universitj' Sledical School, New York, N.Y.) 

The effect of 9 folic acid antagonists (including ami- 
noplerin), teropterin, and folic acid on the survival time 
in 2 lines of myeloid and one line of lymphoid (?) trans- 
mitted leukemia was determined. The compounds were 
administered in maximum tolerable daily doses or 
doses comparable to those used cUmcalt 5 q treatment 
was begun on the day following transfer of the disease. 
Animals of the same transfer generations which received 
(a) either no treatment, or (b) Fowler’s solution, or (c) 
urethane served as controls. The lines of leukemia origi- 
nated in the F strain. Routine transfer was accomplished 
by intraperitoneal injection of one to five million splenic 
cells suspended in isotonic saline. 

Survival was consistently but only slightly prolonged 
(compared to untreated mice) by the administration of 
the folic acid antagonists in the 2 lines of myeloid leu- 
kemia studied; in none of 90 was the development of 
the disease completely inhibited. Twenty-four of 30 
animals receiving Fowler’s solution (0.1 mg. daily) did 
not become leukemic, and in the others survival was 
longer than in mice receiving folic acid antagonists, 
teropterin, or folic acid. Urethane-treated controls also 
survived longer than test animals. In the third line 
where the cells were undifferentiated, and the type oi 
leukemia may be open to question, and in 2 additiona; 
transfer lines of myeloid leukemia, similar results nerc 



Scieniific Proceedings, 19^9 


623 


obtained. Neither folic acid nor teropterin accelerated 
the development of the transplanted leukemias. 

THE EFFECT OF BEGENERATION ON THE 
RATE OF PROTEIN SYNTHESIS AND DEG- 
RADATION IN RAT LIVER. N.wcy L. R. 
Bucher and Robert B. Loftheed, and Ivan D. 
Fr.\xtz, Jr. (by invitation). (jMedical Laboratories 
of the Collis P. Huntington Memorial Hospital of 
Harvard University at the Massachusetts General 
Hospital, Boston, Mass.) 

The capacity of tissue to grow is intimately related to 
its ability to build proteins. A constant turnover of pro- 
tein occurs under resting conditions. "Wlien additional 
protein is formed there must be either increased rate of 
sjmthesis, decreased rate of degradation, or both. 

Using amino acids labeled with C"-* we have investi- 
gated protein turnover in regenerating rat liver, a nor- 
mal tissue that grows faster than most neoplasms. In 
vitro studies showed that slices of regenerating liver in- 
corporated tagged alanine into protein at a maximum 
of 3.5 times the normal rate. In vivo e.vperiments, using 
both alanine and glycine, demonstrated an increase of 
1.5 to 2 times normal. 

In degradation studies radioactivity was established 
in liver protein by administering labeled glycine. In- 
active glycine was then force-fed to minimize the re- 
utilization of tagged molecules derived from breakdown 
products in the metabolic pool. The half-life of activity 
in the protein of resting liver was 3 days, whereas in 
nomglycine-fed rats a value of 5.5 days was obtained. 

During growth, allowance must be made for dilution 
of tagged protein by new protein added. Regenerating 
liver provided a unique opportunity to determine this; 
since the amount of tissue left behind following partial 
hepatectomy could reTdily be calculated. When glycine 
nas force-fed, the protein of regenerating liver was 
found to have a half-life of 5.5 to 11.5 davs; without 
glycine radioactivity diminished very slowly. 

These findings suggest that the rate of protein svn- 
thesis increases and possibly that of protein degrada- 
tion decreases during hepatic regeneration. 


servations reported were made on living cells at 100 and 
500 magnifications. Alterations in morphologj’ and cellu- 
lar growth patterns observed in cells nourished with 
Hodgkin’s serum occurred following the use of most but 
not all sera samples studied. 

Three general types of growth were observed in 
Hodgkin’s lymph node cultures. These have been tenta- 
tively classified as follows: (a) the granule-containing 
macrophage and/or reticulum cel! tj-pe, (b) the granule- 
free asjmcytial round or elongated cell tjqie, and (c) 
the fibroblast tj-pe. Alterations in the morphology and 
cellular growth pattern observed both in cells nourished 
with Hodgkin’s serum and in Hodgkin’s tissue growth 
types a, b, and c will be illustrated. 

DIET AND AZO DYE TUMORS: EFFECT OF 
DIET DURING PERIODS WHEN THE DYE 
IS NOT FED. C. C. Clayton (by invitation), and 
C. A. Baumann. (Department of Biochemistry, 
University of IVisconsin, Madison 6, Wis.) 

Rats fed m' methyl p-dimethylaminoazobenzene 
(m'DAB) develop hepatic tumors even though the 
feeding of the dye is interrupted for periods of 4 to 12 
weeks. In a typical experiment the dye is incorporated 
into a standard s.\Tithetic ration and fed for 4 weeks, 
one of several dye-free diets is fed during the next 4 
n eeks, the feeding of the dye in the synthetic ration is 
repeated for 4 weeks, and during the final 8 weeks the 
dye-free sjmthetic ration is fed. Under this arrangement 
the number of tumors formed depends upon the diet fed 
during the period of interruption. 

Diets high in fat or in methionine failed to alter 
tumor formation. Caloric restriction during the period 
of interruption not only failed to diminisli tumor inci- 
dence, but actually appeared to enhance it. Diets high 
m riboflavin and protein decreased the number of 
tumors formed; while a diet low in labile methyl groups 
and containing nicotinamide increased the numbers of 
tumors. The results suggest that some of tlie so-called 
effects of diet on tumor formation may be e.verted on 
the animal itself rather than on an altered metabolism 
of carcinogen. 


normal SERUM -AND 
HODGKIN’S SERUM ON CELLULAR 
and MOKPHOIOGY M fS 
CULIURE. ]SLvrg.«et S. Reiman (bv invita- 
tion), and ^Rman a. Hosteb. (The Ohio Stale 
Umversity College of Medicine, Columbus, Ohio) 

-A study of the effect of normal serum and Hodgkin’s 
senim on normal and diseased cells in tissue culture has 
been undertaken An attempt has been made to com! 
Ss changes, which occur in normal 

“ result of the presence of 

Dholorin ® n«*:rient miheu, with the mor- 

gwlopc characteristics observed in the 3 tj-pes of 

s™‘°' of normal 

tissue specimens and 
loOO e^lants cultured m the roller tube without trans- 
plantation for 3 to 20 weeks (average C weeks). All ob- 


• . - . . m uiei ODServed umiug me 

period of interruption no very pronounced effects of 
diet W'ere noted when the carcinogen was fed continu- 
ously for 8 weeks and the dietary variation introduced 
subsequently. 

BLOOD PRESSURE MEASUREiMENTS IN 
TRANSPLANTED TUMORS OP UNANES 
TIffiTIZED MICE. Glenn H. Algire ^tiW 
al Cancer Institute, Bethesda, Aid.) 

The transparent chamber technique as adapted to a 
skin flap m mice makes accessible for microscopic ob- 
servation a layer of subcutaneous and muscular tissue 
approximately 0 5 mm. thick, and having a surface area 
oi low sq. mm. Alicroscopic observations of normal and 
neoplastic tissue transplants within the chamber may 
be made at magnifications up to 500 X 

.In indirect method has been devised for blood pres- 
sure measurements of any vascular component within 
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the cliamber during direct microscopic examination by 
transmitted light. Measurements may be made on the 
same vessel intermittently throughout the day, and re- 
peatedly for the duration of the preparation (approxi- 
mately 30 days). The apparatus consists of a mercury 
sphygmomanometer system and air reservoir connected 
to a glass tube having a flexible, translucent membrane 
tied loosely across the end. A micromanipulator is used 
to bring the membrane into contact -with the under 
surface of the skin. Pressure applied using the sphyg- 
momanometer bulb results in slight bulging of the mem- 
brane. As the entire field is -(dsualized under the micro- 
scope one can obtain a measure of the arterial, systolic 
and diastolic pressures, and venous pressures. The pulse 
wave can be seen at maximum amplitude approximately 
midwaj' between systolic and diastolic pressures. 

Parallel observations and measurements have been 
made in vessels of both normal and neoplastic tissues of 
such correlated vascular phenomena as changes in cali- 
ber of vessels, rates of flow, vasomotion, intravascular 
agglutination. Data are presented showing relationships 
of host and tumor blood pressure and vascular supply 
under various experimental conditions leading to tumor 
damage. 

VIRAL HEPATITIS AND HODGKIN’S DISEASE. 
Herman A. Hoster and Robert P. Zanes, Jr. 
(by invitation). (The Ohio State University Col- 
lege of Medicine, Columbus, Ohio.) 

The present study is concerned with the effect of an 
infectious disease, viral hepatitis, on the course of Hodg- 
kin’s disease. Reports dealing with the favorable in- 
fluence of viral hepatitis on other disease entities have 
been limited to rheumatoid arthritis (1). More recent ac- 
counts have ascribed this phenomenon to “non-specific 
disturbances of liver function” and not to the presence 
of an infectious agent. 

The material presented is based on two cases ob- 
served for 5 and 6 years following the onset of hepatitis, 
one case which terminated fatally with the onset of 
jaundice, and 21 cases observed for 3 to 8 months after 
inoculation with viral hepatitis containing sera and tis- 
sue extracts. 

The evaluation of results presented is based princi- 
pally on changes in hematologic equilibrium and on al- 
terations in the clinical status of the patient. Unusual 
gross and microscopic findings in the single death result- 
ing from hepatitis will be presented. 

(1) Still, G. F. Tr. Roy. Med.-Chir. Soe., 80:52, 1897. 

MUCOPOLYSACCH/VRIDES AND MUCOLYTIC 
ENZYjMES in vitro. Norma E. Shifrin (by 
invitation), and William L. Simpson. (Detroit In- 
stitute of Cancer Research, Detroit 3, Mich.) 

Conflicting data on the occurrence of mucolytic en- 
zymes in extracts of malignant tumors and in the effects 
of such enzymes on the invasive properties of malignant 
cells indicate the need for new and more carefully con- 
trolled studies on the relationship of these substances to 
malignancy. Attempts have been made to study these 
complex polysaccharides and related enzymes by tissue 
culture methods. 


Preliminary experiments have been carried out to de- 
termine whether cells in culture can utilize or can ac- 
quire the ability to utilize mucopolysaccharides. The 
effect of varying concentrations of purified hyaluronic 
acid (HA) was tested on hanging-drop cultures made up 
of 1 drop of chicken plasma and I drop of 1 HA : 1 
chick embryo extract were prepared to contain concen- 
trations of 0.210 mg., 0.072 mg., and 0.021 mg. per cul- 
ture. 

In 7 out of 10 experiments using the above concen- 
trations, growth inhibition seemed to be proportional 
to the amount of HA present. That is, the most growth 
occurred in the control groups, the least growth in the 
0.210 mg. concentration groups. All of the cultures 
raised on concentrations of 0.210 mg. and 0.072 mg. 
died within 3 to 5 days after the last experiment. The 
cultures growing in a concentration of 0.021 mg. sur- 
vived for as long as did the controls. The 10 e.xperiments 
were carried out in 22 days. Attempts to repeat and ex- 
tend these studies using the roller tube method of tissue 
culture are now being carried on. 

A NEW REAGENT FOR THE HISTOCHEMICAL 
DEMONSTRATION OF ACTIVE CARBONYL 
GROUPS. Arnold M. Seligman and Rivka 
Ashbel (by invitation). (Department of Surgery, 
Beth Israel Hospital, Boston, and Harvard Medi- 
cal School, Boston, Mass.) 

A hydrazide containing a naphthol nucleus has been 
sjmthesized. After the hydrazide has reacted with active 
carbonyl groups the naphthol moiety can be coupled 
with diazonium compounds to form colored pigments. 
Utilizing this reagent ketosteroid in adrenal cortex was 
converted to a deep blue pigment. Cells in the corpus 
luteum of ovary contain sufficient progesterone to give 
a deep blue pigment. In vitro tests showed that the re- 
agent reacts with 3, 17, and 20 keto groups of steroid 
but not with 11 -keto steroid. It may prove useful in 
urine analysis. The reagent may also be used for dem- 
onstrating aldehyde produced in collagenous tissue with 
periodic acid. 

A rich source of carbonyl groups has been found in 
the non-lipoid component of the white matter of the 
central nen-ous system and peripheral nerves. 

DISTRIBUTION STUDIES WITH NITROGEN 
MUSTARD CONTAINING RADIOACTIVE 
IODINE. Arnold M. Seligm,\n and Alexander 
M. Rutenburg, and Orrie M. Friedman (by in- 
vitation). (Department of Surgery, Beth Israel 
Hospital, Boston, and Harvard Medical School, 
Boston, Mass.) 

Diethjd- (j3-iodoethyl) amine hydrochloride and 
methyl bis-(^-iodoethyl) amine hydrocliloride have 
been prepared wuth radioactive iodine (I'’‘)- These 
compounds are a little more toxic than their ^-chloro- 
eth 5 d homologues. Following intravenous injection in 
mice, rats, and humans, the rate of disappearance of 
radioactivity from the blood was similar to the rate of 
disappearance of radioactivity following the injection 
of an equivalent quantity of radioactive sodium iodide 
in the first 4 to 8 hours. After this period, a small quan- 
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tity of radioactivity persisted in tiie blood in the case 
of the mustards. Tissue analysis showed greatest per- 
■sistence of radioactivity in lung, blood, and lymphoid 
tissue. Tumors contained no more radioactivity than 
other tissues. Following injection of the mustards ionic 
halogen is rapidly liberated in the blood. Only a few 
percent of the mustard reaches the tissues (except lung 
and blood) in uncyclized form. 

FURTHER STUDIES ON THE METABOLISM OF 
4-DBIETHYLAMINOAZOBENZENE BY RAT 
LITOR HOMOGENATE. G. C. Mueluer and 
J. A. Miller. (McArdle Memorial Laboratory, 
Universit.i' of Wisconsin, Madison 6, Wis.) 

Rat lii'er homogenates fortified with diphosphopyri- 
dine nucleotide, nicotinamide, magnesium ion, and 
hexose diphosphate metabolized the hepatic carcinogen 
d-dimethylaminoazobenzene in several ways. Thus 
small quantities of the demethylated derivatives 4- 
monomethylaminoazobenzene and 4-aminoazobenzene 
and a new metabolite, 4'-hydroxy-4-dimethylaminoazo- 
benzene, were isolated from the reaction mixture. How- 


panying abstracts, data obtained for other classes of 
compounds were as follows; 


Chemicni class 

Xo. of 
compounds 
ex.Tniined 

Xo. yielding 
positive 
results 

Quaternary ammonium salts 

283 

13 

Acridines 

41 

7 

Phenazines 

30 

3 

Sulfonamides 

19 

0 

Unsaturated ketones 

34 

3 

Isoquinolines 

17 

0 

Quinones 

30 

8 

Slilbenes 

17 

5 

Alkaloids 

CO 

4 

Di- and tri-phenyl methanes 

40 

0 

Amidines and guanidines 

24 

1 

Pheny!-C-C-C-phenyI 

25 

0 


I 1 
NN 


EFFECT OF PELTATINS ON CYTOCHROME 
OXIDASE ACTIWTY OP MOUSE TUMORS 
AND ORGANS. V. S. Waravdekar (by invita- 
tion), and J. Leiter. (Chemotherapy Section, Na- 
tional Cancer Institute, Bethesda, Aid.) 


ever, more dye disappeared from the reaction mixture 
_ than could be accounted for bj’ the azo metabolites 
found. Presumably cleavage at the azo linkage occurred. 
The enzymes involved in these reactions appeared to be 
concentrated largely in the microsome and soluble pro- 
tein fractions of the liver. 

An additional factor involved in the metabolism of 
the dye was discovered when it was found that the rat 
liver homogenates lost the ability to metabolize the dye 
when incubated at sr C. for 5 minutes. Fortification in 
the manner described above did not restore the activity 
but the preparation was reactivated when a liver koch- 
saft or a concentrate of triphosphopj'ridine nucleotide 
(TPN) was added. The probable identity of this factor 
with TPN was indicated by the observation that the 
reactivation of the incubated homogenates by the TPN 
concentrates was proportional to the content of TPN in 
these concentrates. 

PRELIMINARY SCREENING OF 1000 CHEAII 
CAL AGENTS FOR POTENCY IN PRODUC- 
ING DMLAGE IN SARCOALA 37. M. J. Shear 
and A . Down-ing, and J . L. Hartwell (by invita- 
tion), J. Leiter, R, C. ALvcCakdle, and A. Per- 
RAULT and D. L. Atoan (by invitation). (Chem- 
otherapy Section. National Cancer Institute, 
Bethesda, Md.) 

Alore than 1,000 chemical agents have been screened 
agamst Sarcoma 3T in vivo in a preliminary fashion wz • 
a Mngle maximum tolerated dose of each compound was 
injected subcutaneously into mice with week old im- 
plants of tumor; the animals were sacrificed at 8 04 
and 48 hours after injection. Gross and microscopic ob- 
-seryattons were made. The criteria employed in esti- 
mating damage induced in the tumors were the same as 
nesenbed m prenous years. 

In addition to the results presented in the accom- 


The cytochrome oxidase activity of 0 day old im- 
plants of Sarcoma Si was determined in tumor homoge- 
nates obtained from mice sacrificed 1, 2, 4, and 8 hours 
after a single subcutaneous injection of 20 micrograms 
of alpha- or beta-peltatin per gram of body weight. A 
rapid reduction of enzyme activity to about 40 per cent 
of the activity of tumor homogenates from untreated 
animals occurred within 8 hours after injection. This 
effect paralleled closely the tumor damage seen histo- 
l^ogically (AlacCardle) in the same tumors. Injection of 
500 to 1000 micrograms per gram of an inactive dia- 
stereoisomer and of an acelylated derivative of alpha- 
peltatin produced reductions in enzyme activity which 
corresponded roughly to the cytotoxic activitj' of these 
derivatives as observed histologically in adjacent por- 
tions of the same tumors. 

The enzyme activity of liver, spleen, and kidney from 
the same animals showed little or no difference from the 
activity of organs from untreated tumor bearing control 
mice. Even lethal doses of 100 micrograms of the pelta- 
tins m mice not bearing tumors produced only slight 
lonyering of the enzyme activity in these organs'. 

Li experiments in which homogenates of Sarcoma 37, 
liver and spleen were incubated in vitro with tlie pelta- 
tin.s, only slight reduction of cytochrome oxidase ac- 
tivity was observed. 

One hundred mg. per kilogram doses of the alpha- 
peltatm injected intravenously in rabbits likewise did 
not give a pronounced lowering of enzyme activitv in 
liver and kidney. 

ACTION ON S.ARCOMA 37 OF COAIPOUNDS RE- 
I’ODOPHYLLOTOXIN AND TO 
ALPHA- AND BETA-PELTATIN. J. Letter 
and J. L. Hartwell (by invitation). (Chemother- 
apy Section, National Cancer Institute, Bethesda 
Md.) 

Alpha- and beta-peltatin were converted into their 
diastereoisomers by treatment with alkali. The biologi- 
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cal activity, both as regards acute toxicity and effect on 
Sarcoma 37, following subcutaneous injection, was 
greatly reduced by this treatment. Doses of the new iso- 
mers up to 1000 micrograms per gram of body weight 
produced no deaths in mice and induced no effects in 
the tumors other than occasional mitotic arrest. In 
contrast, the parent substances produced grossly visible 
damage in tumors of various types at doses of two to five 
micrograms per gram of body weight. 

Acetates, methyl and ethyl ethers of the peltatins 
and their diastereoisomers were prepared; the diastereo- 
isomers and their derivatives had low biological ac- 
tivity whereas the peltatins and their analogous deriva- 
tives had high activity. The acet 5 ’lated derivatives of 
podophyllotoxin and of its relativelj' inactive isomer 
picropodophyllin had activities similar to those of the 
compounds from which thej' were derived. 

Several benzoic acid derivatives, which represent oxi- 
dation residues of podophyllotoxin and of the peltatins, 
were found inactive against Sarcoma 37. A reduction 
product of podophyllotoxin was likewise found to be in- 
active under the conditions of these experiments. 

A number of compounds structurally related to 
podophyllotoxin showed little or no activity at doses 
500 times the minimum effective dose of podophyllo- 
toxin. Among these were: conidendrin, dimethyl and 
diacetyl conidendrin, iso-olivii, isolariciresinol, hinoki- 
nin, matairesinol and its methyl ether, asarinin, guai- 
aretic acid, nordihj'droguaiaretic acid, lariciresinol, so- 
dium pinoresinol and its methyl ether, and sesamin. 

TOXICITY AND HEMATOLOGIC CHANGES 
PRODUCED BY ALPHA-PELTATIN, BETA- 
PELTATIN AND PODOPHYTLOTOXIN. Ezra 
M, Greenspan (by invitation), and J. Leiter. 
(Chemotherapy Section, National Cancer Insti- 
tute, Bethesda, Md.) 

The maximum tolerated single dose (SU'D) of podo- 
phyllotoxin, alpha-peltatin, and beta-peltatin in normal 
mice was approximately 30, 40, and 50 micrograms/ 
gram, respectively. A single dose of 5 micrograms/gram 
regularly induced damage in several different types of 
transplanted mouse tumors. No gross toxicity or weight 
loss was observed in non-tumor bearing mice after re- 
peated daily injections, for several weeks, of 5 micro- 
grams/gram of alpha- or beta-peltatin. 

The MTD for a single injection in rats without 
tumors was 5 and 10 micrograms/gram for alpha- and 
beta-peltatin, respectively. In rabbits the MTD for 
alpha- was 5 mg./kg., for beta-, >20 mg./kg. In dogs 
the maximum dose tolerated was 0.5-1. 0 mg./kg. for 
alpha-peltatin, 1-2 mg./kg. for podophyllotoxin, and 
2-4 mg./kg. for the beta- compound. 

The subcutaneous, intramuscular, and mtravenous 
routes of administration w'ere used in mice, rats, and 
rabbits; dogs received the drug intravenously. Pro- 
nounced differences in MTD were not noted among the 
several routes of administration. 

After parenteral injection of lethal or sublethal doses, 
toxic phenomena were observed in 2 to 6 hours. These 
included; diarrhea, salivation and emesis (dogs), respi- 


ratory and central nervous system depression, muscular 
paralysis, and a definite pattern of resimnse in the 
formed elements of the peripheral blood and bone mar- 
row. No evidence of renal or hepatic toxicity was ob- 
served at these dose levels. Leucopenia developed 1 to 
2 liours after injection. This was followed by leucoc.'rtosis 
(with degenerating neutrophiles and lymphocytes), 
normoblastosis, and a terminal leucopenia 24 to 48 
hours after injection. Degeneration and aplasia of bone 
marrow were observed at lethal doses. 

RELATRTE TOXICITY TO NORMAL AND TU- 
MOR BEARING MICE OP CERTAIN ARO- 
MATIC TRIVALENT ARSENICALS WHICH 
INDUCE HISTOLOGICAL DAMAGE IN 
SARCOMA 37, Lyle V. Beck, and Adrian Per- 
RAULT, and Joyce Gillespie (by invitation). 
(Chemotherapy Section, National Cancer Institute, 
Bethesda, Md.) 

Of 39 pentavalent arsenicals tested (both aliphatic 
and aromatic), only sodium cacodylate produced gross 
and histological damage to Sarcoma 37 at maximum 
tolerated doses (MTD). On the other hand, of 24 tri- 
valent aromatic arsenicals tested at MTD, or less, G pro- 
duced gross and histological damage, and 5 others pro- 
duced early cell damage and/or aberrant mitotic figures. 

Certain of these trivalent arsenicals have been found 
to be less toxic to CAFi mice bearing week-old implants 
of Sarcoma 37 than to normal CAFi mice of the same 
sex, age, and body weight. For example, 3-ammo-4- 
hydro.xj'phenyl dichlorarsine hydrochloride (Clorarsen) 
was found to have a 48 liour LDjo value of 11.4 ± S.E. 
0,55 micrograms of arsenic per gram in normal CAFi 
female mice, whereas the LDso value for such female 
mice with 0 day tumors was 1G.9 + 0.9 micrograms of 
arsenic per gram. Similar results were obtained in two 
additional e.xpcriments with this same compound, and 
in one or more experiments with the following: 3-ace- 
tamino-4-hydrox5’phenyl arsenoxide; 3-nitrophenj'l ar- 
senoxide; 3,3'-diBinino-6,0'-dimethoxyarsenobenzene- 
N,N'-dimethylene disodium sulfonate; and 3,3'-diami- 
no-C,G'-dimethylarsenobenzene-N,N'-dimethylene diso- 
dium sulfonate. Data obtained so far indicate that 3- 
methoxyphenyl arsenoxide and 3-amino-4-hydro.xy- 
phenyl arsenoxide (mapharsen) have the same toxicity 
in normal as in Sarcoma 37 bearing female CAFi mice. 
The significance of these findings remains to be ascer- 
tained. 

THE BACTERUVL CELL OF S. ilIAIiCESCENS AS 
A SOURCE OF TUMOR-NECROTKING 
POLYSACCHARIDE. Adrian Perrault (by in- 
vitation), and M. J. Shear. (Chemotherapy Sec- 
tion, National Cancer Institute, Bethesda, Md.) 

The bacterial cells, grown in a simple medium of in- 
organic salts and glucose, were removed from cultures of 
S. marcescens in a refrigerated Sharpies supercentrifuge. 
A larger amount of tumor-necrotizing polysaccharide 
was obtained from the cells than from the filtrates of the 
same cultures. The bacterial paste sedimented in the 
centrifuge was diluted with 1 ml. of buffered saline for 
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each gram of material, and 0.2 M trichloracetic acid 
was added in a volume sufficient to bring the final con- 
centration of this acid to O.t jM. Solid phenol was added 
to give a .a per cent concentration. This mixture was 
.shaken to a uniform miikj’ suspension and placed in a 
refrigerator until sufficient quantities were accumulated 
for large scale fractionation. 

The collected suspensions were centrifuged and the 
sediment discarded. One volume of hexane (boiling 
range GO to 70° C.) and three volumes of absolute ethyl 
alcoiio! were added. After stirring 10 to 15 minutes a 
thick gel rose to the surface. The bottom layer was 
siphoned and discarded. The gel was treated with water, 
and NaOH was added with the pH kept below 10. From 
then on the fractionation paralleled the method used in 
isolating the tumor-necrotizing polysaccharide from the 
filtrates of the same cultures. 

llioassays in mice bearing Sarcoma 37 showed a 
tumor-irccrotizing activity comparable to the poly- 
saccharide obtained from the filtrates. A positive reac- 
tion for carbohydrates was obtained with Drev’wood's 
anthronc reagent and with the Molish test. Benedict’s 
solution was not reduced. iMicro-Kjeldahl analysis gave 
a total nitrogen content of l.C per cent. 

A STUDY OF THE HISTOGENESIS OF SARC- 
OliLV 37 BIPLANTS. C. H. U. Chu (by invita- 
tion) and R. C. MacCaudle. (Chemotherapy 
Section, National Cancer Institute, Bethesda, Md.) 

Intramuscular transplants of Sarcoma 37 from the 
right hind leg were introduced subcutaneously into nor- 
mal mice. Muscle and connective tissue from the left 
hind leg of tumor-bearing and non-tumor-bearing litter 
mates were transplanted also subcutaneously to serve 
as controls. Serial sections were made to study the fate 
of such implants and the tissue reactions of the hosts 
from periods of 2 hours to 12 days after transplantation. 
Results seem to indicate that prior to vascularization 
(about the fourth day), tumor cells became necrotic. 
At the periphery of the necrotic implant, giant cells are 
invariably observed, the origin of which is not yet de- 
termined. 

EXFOLIATR-E CYTOLOGY OF THE ORAL 
CAM^TY. P.vuL W. Mootgomery (Introduced by 
Ejijierich von Ha.4ji). (Department of Pathology, 
Ohio State University, Columbus, Ohio) 

The exfoliative cytology of the oral cavity has been 
studied in order to investigate its usefulness for diag- 
nostic purposes. By examining a large number of healthy 
individuals the normal patterns for the various regions 
of the mouth and for the various age and se.v groups 
have been established. Statistical analysis of the figures 
obtained by counting the various cell types has proven 
the statistical significance of some of the differences ob- 
served. Yarious pathological conditions of the oral 
cavity, including malignant tumors, were studied. It 
could be shomi that the methods of e.xfoliative cytology 
possess a limited value for the recognition of oral 
pathology. 


DISCUSSION OF THE ELECTRONIC THEORY 
OP CARCINOGENESIS. A. R. T. Denues (In- 
troduced by AVileiam L. Simpson). (Detroit In- 
stitute of Cancer Research, Detroit, iMich.) 

The unique theoretical position of the thesis of Al- 
berte Pullman and others, proposing correlation of elec- 
tronic structure of chemical carcinogens with their bio- 
logical potency, appears to justify more attention than 
is apparent in the literature. The results of studies, 
made with the help of specialists, of the validity of the 
general treatment are, therefore, presented together 
with some analyses of the trends in recent publications. 
Collectively, these seem to indicate that one is not com- 
pelled, on either theoretical or experimental grounds, to 
attach great cogency to this theory at present. How- 
ever, in view of the fundamental nature of the interest 
and of its possible promise of a theoretical unification of 
carcinogenic mechanisms, work to determine the gen- 
eral validity of the proposal is to be encouraged. The 
orderlj' development of the theory, with biological test- 
ing of its predictions, as currently pursued in Paris, 
offers some hope of clarifying its importance. Other 
evidence may come from indirect experiments, such as 
determinations of relative carcinogenicities of hydrocar- 
bon isologs with critical substitutions of deuterium for 
protium, to affect local kinetics without affecting the 
dominant parameter involving electron distribution. 

COMPLEMENT FIXATION IN ANBLVL NEO- 
PLASIA. I. A STUDY OP TECHNICS FOR 
MEASUREMENT OF THE REACTION IN 
RABBIT SERUM AVITH SPECIAL REFER- 
ENCE TO THE TEMPERATURE OF INAC- 
TIA'ATION. Helen Thornton, Lester D. El- 
LERBROOK, and ISIark Rhees (by invitation), and 
Stuart AA^ Lippincott. (Department of Pathol- 
ogy, School of Medicine, University of AA^ashington 
and the Cancer Control Division, National Cancer 
Institute, Bethesda, hid.) 

The extent of complement fixation upon the admix- 
ture of antigen and inactivated serum of New Zealand 
white rabbits bearing the Broivn-Pearce carcinoma has 
been measured by the addition of graduated known 
amounts of complement to identical portions of the 
otJier reagents. A'^olumetric measurements of the 
amount of complement required were made at the end- 
point of 50 per cent hemolysis. As a standard of refer- 
ence for future antigen preparations the antigen em- 
ployed was a centrifuged saline extract of the neoplasm. 

AAlien the sera were inactivated for 30 minutes at 
temperatures decreasing step-wise from 70° C. to 53° C. 
the amount of complement required for 50 per cent 
hemolysis in tests of 1 : 5 or 1 : 10 dilutions of fresh 
or previously frozen positive sera increased markedly 
and then decreased. Similar results were obtained with 
these sera in the absence of antigen although to a less 
marked degree. Fresh and frozen normal sera on the 
other hand tended to require slowly increasing amounts 
of complement although some of the fresh sera again 
required smaller amounts of complement when in- 
activated at 53° C. The absolute temperature difference 
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tended to be less marked with increased dilution of the 
sera. 

These variations with the temperature of inactiva- 
tion must he taken into account in tJje evaluation of 
the results of the tests, 

THE EFFECT OF FOLIC ACID AND ANTI-FOLIC 
COMPOUNDS ON THE GROWTH OF CAR- 
CINOMA, SARCOMA, OSTEOGENIC SARC- 
OMA, LYMPHOSARCOMA, AND MELANO- 
MA IN ANIMALS. KIanejiatsu Suqiura and 
C. Chester Stock. (Division of Experimental 
Chemotherapy, The Sloan-Kettering Institute for 
Cancer ResearcJi, New York, N.Y.) 

An extensive study has been made on the effect of 
pteroyl glutamic acid (folic acid), 4-amino-pteroyl 
glutamic acid (Aminopterin), I-amino-Nio-methyl pter- 
oyl glutamic acid (A-Methopterin), 4-amino-pteroyl 
aspartic acid (Amino-An-Fol), and 2,C-diamino purine 
on the growth of Sarcoma 180, mammary adcnocar- 
cinoma EO 771, Harding-Passey melanoma, Wagner 
osteogenic sarcoma and Patterson lymphosarcoma in 
mice and Sarcoma R 39 and Flexner-Jobling carcinoma 
in rats. Subcutaneous inoculations of tumors into young 
animals were carried out by the usual trocar method. 
In general, the first intraperitoneal injection of com- 
pounds was given 1 to 7 days after tumor transplanta- 
lion and injection was continued for 7 to 14 days. 

The daily doses of 50 mg. per kg. of folic acid had no 
effect upon the growth of Sarcoma 180, adenocarcinoma 
EO 771, Harding-Passey melanoma, Wagner osteogenic 
sarcoma, Patterson lymphosarcoma, Sarcoma R 39 and 
Flexner-Jobling carcinoma in animals. Diopterin (100 
mg./kg.) and Teropterin (400 mg. /kg.) had no inhibi- 
tory effect on Sarcoma 180 and Sarcoma R 39. The daily 
doses of 0.25 mg. per kg. of Aminopterin had destruc- 
tive effect on rat sarcoma, marked hrhibitory effect on 
Sarcoma 180 and mouse lymphosarcoma, slight inhibi- 
tory effect on mouse adenocarcinoma and melanoma, 
but no effect on mouse osteogenic sarcoma and rat 
caremoma. The daily doses of 1.5 to 2.0 mg. per kg. of 
A-Methopterin had destructive effect on rat sarcoma, 
marked inhibition on Sarcoma 180 and lymphosarcoma, 
slight inhibition on mouse adenocarcinoma and melano- 
ma, but no effect on mouse osteogenic sarcoma and rat 
carcinoma. The daily doses of 45 to 50 mg. per kg. of 
Amino-An-Fol had destructive effect on mouse lympho- 
sarcoma and rat sarcoma, marked inhibition on Sarco- 
ma 180, slight inhibition on mouse adenocarcinoma, 
but no effect on mouse melanoma, mouse osteogenic 
sarcoma and rat caremoma. The daily doses of 00 to 
70 mg. per kg. of 2,fi-diamino purine had marked in- 
hibilorj’ effect on rat sarcoma, but had no effect on Sar- 
coma 180, mouse adenocarcinoma and osteogenic 
sarcoma. 

At effective levels, anti-folic compounds mentioned 
were toxic to the hosts, causing weight loss and many 
deaths. These animals showed intense diarrhea, marked 
reduction in the size of the spleen and number of erytli- 
rocytes in bone marrow. 

Aminopterin and A-Methopterin produced neither 


an inhibitory nor curative effect upon spontaneous 
breast cancers in mice. 

FLUORESCENCE STUDIES OF CARCINOGENS 
IN RAT’S SKIN. Perihan Camber (by invita- 
tion). (Department of Anatomy, Division of Can- 
cer Research, Washington University Medical 
School, St. Louis, Mo.) 

The carcinogens, 20-methylcholanthrene, and 9,10- 
dimethyl-1,2 benzanthracene were applied in 0.0 ben- 
zene solutions to the intcrscapular shaved skins of adult 
rats and their subsequent distribution was observed by 
fluorescence microscopy. Both carcinogens enter the 
sebaceous glands as Simpson and Cramer have reported 
in mice. However, even after 18 paintings the sebaceous 
glands of these rats persist, which is in sharp contrast 
to their early destruction in mice. This, and other dif- 
ferences between the fate of the carcinogens in these two 
species, will be discussed as possible factors in their dif- 
fering response by cancer production. 

THE EFFECT OF TUMORS ON ANTIBODY 
LEVELS LN MICE. D. R. A. Wharton (Intro- 
duced by H. J. Creech) . (Lankenau Hospital Re- 
search Institute and The Institute for Cancer Re- 
search, Philadelphia 30, Pa.) 

The effect of tumors on antibody levels resulting 
from injection of Serraiia marcescens polysaccliaride and 
other antigens has been studied in mice bearing spon- 
taneous and transplanted tumors. Lower agglutinin 
levels were found in sera of Sarcoma 37 and Sarcoma 
180-transplanted Swiss mice, than in sera of similarly 
treated normals. Tliis might be due to: the tumor or the 
toxic polysaccharide acting upon the antibody-forming 
mechanism, or the destructive or inhibitory action of 
some substance elaborated by the tumor, or induced by 
it, which acts upon the antibody. Tumor-bearing mice 
injected with anti-polysaccJiaride mouse serum 4 days 
previously showed lower agglutinin levels than similarly 
treated controls. Apart from wliatever action the tumor 
or polysaccliaride might have upon the antibody-form- 
ing mechanism, the presence of the tumor appears re- 
sponsible for development in mice of a substance de- 
structive or inhibitory to antibody. 

This substance was not demonstrable in: CSH or 
Swiss mice bearing spontaneous mammary tumors; a 
transplantable mammary carcinoma up to fifth trans- 
plant generation; a transplantable methylcholanthrene- 
induced fibrosarcoma. However, Barrett’s C3HBa 
showed definite effect in the forty-ninth to fifty-third 
transplant generations. 

Antipolysaccharide rabbit serum passed through 
Sarcoma 37 and normal mice showed no difference in 
titre. TJie destructive or inhibitory action produced in 
mice bearing certain tumors seems specific for mouse 
antibodies and not for rabbit antibodies. 

Mice in which tumors liai'e regressed yield antibody 
titres comparable with those of normal mice. Antibody- 
destroying, or inhibiting properties seem to disappear 
when tumors regress. 
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THE FLUORESCENT FRACTION OF HORSE 
S>Ui:GMA AND THE FOSSIBLE ROLE OF 
I'RITERPENOIDS OF SEBUAI-PRODUCING 
ORGANS IN CARCINOGENESIS. H. Sobel 
and A. PuMiT (by invitation). (Laboratories of 
Belli Israel Hospital, New York, N.Y.) 


The non-saponifiable fraction of horse smegma which 
had previously been shown to be carcinogenic (Plant 
and Ivohn-Speyer) was separated into a fluorescent 
hydrocarbon-containing fraction (Si) and the remain- 
der (S'l). In SI a suiistance giving a 2 banded fluorescent 
spectrum above 400 in/x was detected in minute amounts 
in C of 8 attempts. It cannot be stated whether this was 
natur.ally produced or an external contamination ac- 
quired during lifelong accumulation. A second fluores- 
cent substance which was found in large amounts and 
which gave a broad-banded fluorescent spectrum below 
400 mg was shown to be a normal cyclization product of 
squaiene wliich is present in abundant quantities. After 
nine months application to skin pockets of mice, Si 
produced no tumors and 812 one papilloma. 

A colorimetric method has been developed for the 
determination of squaiene and this substance has been 
shown to be present in several sebum-like substances of 
iiuman origin. It is suggested that aberrant cyclization 
of squaiene in skin followed by aromatization could lead 
to the formation of a carcinogen. It was determined tJiat 
rat sebum differs from human sebum and lanolin. There- 
fore, the composition of sebum may condition species 
re.sponse to painting with carcinogen. It is suggested 
that triterpenoids may play some role in carcinogenesis 
and anticarcinogenesis. 


RESPONSE OF THE CENTRAL NERVOUS SYS- 
TEM OF THE CHICKEN TO METHYLCHOL- 
ANTHRENE: FAILURE TO INDUCE TU- 
MORS AFTER FOUR YEARS OF STIMULA- 
TION. William 0. Russell and George S. 
Loqm'AM (by invitation). (The M. D. .Anderson 
Hospital for Cancer Research, Houston, Te.xas) 

Prei'ious experiments indicating that tumors of nerv- 
ous tissue origin could be regularly induced in the brains 
of rats and mice with methylcholanthrene and that in 
the rat a diet deficient in certain B vitamins influenced 
the induction period, suggested further study of the 
problem in fowls. 

Pedigreed white leghorn chickens were selected for 
the experiment and pellets of 30 per cent methylcho- 
lanthrene fused with chemically pure cholesterol were 
implanted in the right cerebral hemisphere. A thiamine 
deficient diet was given at intervals to one group, fol- 
lowed by the injection of thiamine hj-drochloride intra- 
muscularly and a period of normal diet. It was only pos- 
sible to give three periods of thiamine deficiency be- 
cause the fowls were moved to another laboratory -where 
it was not possible to continue the dietary phase of the 
problem. The periods of deficiency were given in a four 
month period. None of the chickens developed tumors. 
Six chickens were saerificed 4 years and 8 months after 
implantation of the carcinogen; 10 chickens survived 3 
years and 15 chickens survived 2 years. These results 
indicate that the central nervous system of the chicken 
is resistant to tlie carcinogenic stimulation of methyl- 
cholantrene in concentrations that regularly produce 
neoplasms of the brain in rats and mice. 


MECH.VNISMS OF METASTASIS. I. Zeidmax (In- 
troduced by D.V.LE Rex Comax). (Department of 
Pathology, University of Pennsylvania, School of 
Jledicine, Philadelphia 4, Pa.) 

Previous investigations in this laboratory on in- 
va.siveness of cancer were continued by a study of the 
conditions that determine the number of metastases 
from a transplanted tumor. The factors studied were 
size and number of tran.splanted tumors, and their dura- 
tion. The transplantable fibrosarcoma, T-241, was in- 
oculated into one or both flanks of C 57 black mice. 
Pairs of mice bearing single tumors and pairs bearing 
double tumors were sacrificed on the same day at in- 
tervals from 9 to 26 days after tumor inoculation. The 
tumor volumes were measured by fluid displacement, 
and the lung metastases were counted. There was no 
significant relationship between number of lung metas- 
tases and primary tumor volume. The number of lung 
metastases produced by two tumors in the same host 
was not different from the number of metastases pro- 
duced by a single tumor. The correlation between num- 
ber of metastases and duration of the primary tumor 
was significantly positive. In cancer of man, where hosts 
,and tumors are variables, there is no apparent correla- 
tion between the size of the primary tumor and the num- 
ber of metastases. Surprisingly, in the above experi- 
ments, where host and tumor variables were largely con- 
trolled. tlie same lack of correlation between size of pri- 
mary tumor and number of metastases was apparent. 


AN EXPERIMENTAL STUDY OF THE EFFECTS 
OF MALIGNANCY AND DIABETES ON 
EACH OTHER. Alan IV. Carrie (by invitation) 
and Arthur IV. Ham. (Department of Anatomy, 
University of Toronto, Toronto, Canada.) 

Sarcoma 37 was transplanted into rats made dia- 
betic with alloxan and into normal rats. Tumors were 
observed to grow just as rapidly in tlie diabetic rats as 
in the non-diabetic ones. The blood sugar level was fol- 
lowed for 2 months in 12 diabetic rats with growing 
tumors and in 13 normal rats witli comparable dia- 
betes. No significant difference between blood sugar 
levels in the two groups was observed. A gro-u'ing tumor 
in a diabetic animal ivas not found to affect the rate at 
which its blood sugar level fell on starvation. 

The fact that tumors -n-ere found to grow just as 
quickly in diabetic rats as in non-diabetic controls sug- 
gests that the metabolic processes of the malignant cell 
are not dependent on insulin. Since tumor cells obtain 
a large proportion of their energy requirements from 
fermentation, tiiese findings suggest further that none 
of the reactions concerned in glycolysis are dependent on 
insulin Nevertheless, even though tumors can glycolyze 
sugar in tlie absence of insulin this experiment indicates 
that the demands of a tumor on an organism for sugar 
are not sufficient to substantially lower its blood sugar 
level and hence that the diminution of glycosuria noted 
in diabetics (before the advent of insulin) when they 
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developed malignant tumors is probably not to be ex- 
plained by the tumors, as a result of their glycolytic 
activities, having substantiallj' reduced the blood sugar 
levels of the individuals concerned. 

THE INFLUENCE OF CERTAIN SULFONAMIDE 
DRUGS ON CANCER SUSCEPTIBILITY AND 
REPRODUCTION IN mCE.* Fhank H. J. 

FiGGB.t and Gerai,dii«: F. IVoiiFE, Rosalie 

Yekkes Figge (by invitation). (University of 

Maryland School of Medicine, Baltimore 1, Md,) 

The influence of sulfanilamide, sulfathiazole, and sul- 
fapyridine on the cancer susceptibility of mice was 
tested over a five year period. A total of 4353 mice of 
various strains (C3H, C57, A) were treated throughout 
life with the various sulfonamide drugs. In some cases, 
the experimental period involved 8 generations of mice 
receiving continuous treatment. No significant effect of 
sulfonamide treatment on cancer susceptibility was ob- 
served, but it was found that sulfanilamide in a con- 
centration of 3 grams per liter in the drinking water in- 
hibited reproduction. The inhibitory influence of sulfa- 
pyridine on reproduction was not so marked and did not 
e.xtinguish the lines until the third- or fourth-treated 
generation. Sulfathiazole had little or no effect on repro- 
duction and the mice treated continuously with this 
drug were followed through 8 generations. 

An attempt was made to investigate the nature of 
this inhibition of reproduction by sulfanilamide. The 
reproduction inhibiting potentialities of sulfonamide 
drugs appeared to parallel the tendency of the various 
drugs to produce Heinz bodies in the erythrocytes of 
mice; but this parallelism may be coincidental. The in- 
hibition of reproduction b^’ sulfanilamide could not be 
counteracted by administration of large supplements of 
various vitamins to the diet. Feeding thyroid also failed 
to produce any appreciable change in the reproductive 
ability of sulfanilamide-treated mice. 

FURTHER STUDIES ON HYPERVOLEMIA AND 
ASSOCIATED CHANGES IN MICE BEARING 
A TRANSPLANTED GRANULOSA-CELL TU- 
MOR. James T. WoLsTENmousfE (Introduced by 
W. U. Gahdnek). (Department of Anatomy, Yale 
University School of Medicine, New Haven, Conn.) 

Mice bearing a transplanted granulosa cell tumor 
have hypervolemia and dilatation of the sinusoids of 
the liver, spleen and adrenal glands. (Furth, Boon, and 
Sobel, 1945.) 

Four groups of e.xperiments were set up: 

Parabiotic series . — ^Animals of the C57 strain were 
castrated at 60 to 90 days of age and small fragments of 
a granulosa cell tumor were transplanted subcutaneous- 
ly. When the tumor transplant was approximately 3 to 4 
min. in diameter, the animal was parabiosed to a litter- 
mate. When the tumor attained 1 mm. in diameter or 

* Aided by grants from the Anna Fuller Fund and the Don- 
ner Foundation. 

t Visiting Professor of Anatomy, University of Pennsyl- 
vanL, School of Medicine, Philadelphia, Pennsylvania. 


more, the tumor bearing animal had hiTpervolcmia and 
liver changes; no changes occurred in the non-tumor 
parabion twin. 

Splenectomy series . — Small fragments of a granulosa 
cell tumor were transplanted subcutaneously into cas- 
trated animals of the C57 strain. When the tumor trans- 
plant was 3 to 8 mm. in diameter the animal was splen- 
ectomized. These animals dei'eloped hj'pervolemia and 
liver changes. 

Tumor removal experiment . — Eight mature C57 ani- 
mals bearing granulosa cell tumors of different sizes and 
having hypervolemia and liver changes had the tumors 
removed. When sacrificed 5 days later there was no hy- 
pervolemia or liver change present. 

Tumor extract experiment. — ^Eighty-three grams of 
fresh granulosa cell tissue obtained from Co7 mice were 
extracted with acetone. The acetone extract was evapo- 
rated and redissolved in sesame oil. The acetone insol- 
uble fraction was dried, powdered and suspended in 
water. Daily injections of the acetone extract into C57 
animals and daily injections of the aqueous suspension 
into C57 animals for an 8 week period failed to produce 
the hypervolemia or associated changes that were pro- 
duced by the tumor. 


EFFECTS OF A NITROGEN MUSTARD ON THE 
CICHLID FISH, TllAPIA MACROCEPHALA 
(BLEEKER). Sophie Jakowska (by invitation), 
and R. F. Nigrelli. (College of Mount St. Vincent 
and New York Zoological Society, New York, 
N.Y.) 


Young mature fish, 4 to C cm. in standard lengtli, 
from a common stock wore placed in tanks containing 
4 liters of homotypic conditioned water in which was 
dissolved enough methyl-bis (beta-chloroethyl) amine 
hydrochloride to make concentrations of 0.0017 and 
0.002 per cent. The tanks, each containing 4 fish, were 
continuously aerated and kept at room temperature, 
The fisli showed liyperemic gills at the end of 24 hours. 
At the end of 48 hours, desquamation of the epithelium 
of the gills, oral and branchial cavities was evident and 
there also occurred a general nephrosis with glomerular 
and tubular degeneration. In all fish there was an inva- 
sion by macrophages and eosinophiles in the tissues 
adjacent to the branchial region in response to a para- 
sitic infection by the ciliate, Ichthyophthirivs mnllifihs. 
In treated fish, the parasites were absent but the massed 
macrophages and eosinophiles were still present, indi- 
cating that the nitrogen mustard, in the concentration 
and time used, had no apparent effect on these cells. 
With the exception of the testis, the other internal or- 
gans including the blood, showed no striking histologi- 
cal changes. Feulgen-stained smears of the testis showed 
that divisions were arrested, since only cells in the res 
ing stage and in prophase were obsen'ed, whereas m 
untreated fish all stages of mitosis and meiosis were en- 
countered. Fish exposed to 0.01 per cent concentration 
for 1 hour did not show any significant tissue changes, 
indicating that the effects of the nitrogen mustard, as 
employed under these conditions, were manifest onlj 
after comparatively longer exposures. 
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'I’lIK QUESTION' OF A XmilOID GROWTH CEN- 
'I'ER. John H. Vax Ditce. (Indiana University 
School of i^Iedicine, Bloomington and Indianapo- 
lis. Ind.) 

During de%-elopment in mammals an ultimalbranclii- 
jd body, derived from the hind end of the embryonic 
pharynx, comes to lie within the center of each lateral 
lobe of the thyroid where apparently it is frequently in- 
duced to form functional thyroid parenchjnna. 

In rats after birth ultimobranchial tissue, normally 
indistinguishable from thyroid tissue, may be similarly 
modified by feeding vitamin A deficient diet, adminis- 
tration of estrogen or mcthylcholanthrene. Following 
early hyperplasia, this tissue usually transforms, 
through metaplasia, into mtdtiple cysts lined by strati- 
fied s(|uamous epithelium whereas adjacent peripheral 
thyroid follicles undergo general atrophy. Normal old 
age rats frequently exhibit this condition; not infre- 
quently associated with cystadenomata. 

In rats, the site of maximal mitoses appears to be in 
the center of each thyroid lobe, both in normal growing 
animals and during experimental hj'perplasias. When 
thyroids containing ultimobranchial c.vsts are stimu- 
lated spontaneously (sheep) or, under optimum condi- 
tions, in rats by cold or hypophyseal extract, mitotic 
<iivision of thyroid parenchyma does not ensue. Ap- 
parently, however, tiicre is a compensatory prolifera- 
tion of masses of relatively indifferent cells from tlie 
bases of ultimobranchial cysts which transform, upon 
demand, into t.vpical thyroid tissue in a manner to be 
<lescribed. 

Evidence suggests that ultimobranchial tissue is plas- 
tic. normally indistinguishable from th^ioid tissue, and 
may function after birth as a thyroid growth center or, 
being labile, may undergo cyclic phenomena depending 
upon factors altering thjToid activity Conditions aug- 
menting th.vroid hyperactivity in mammals (including 
man), particularly those with ultimobranchial lesions, 
may predispose to certain compensatory neoplasms — 
especially during senility. 

RESULTS OF THE BIOLOGICAL TEST FOR 
MALIGNANCY. Howard H. Be.ard. (Cancer 
Clinic, Holy Cross Hospital, Chicago, III.) 

Four hundred urines from malignant patients (biopsy 
in 36 per cent) were nm by the biological test and 94 per 
cent of them gave positive results. These were from 55 
different sites (breast, 50; uterus, 39; stomach, 33; 
lungs, 27; cervix, 20; colon, 10; leukemia, 20; etc.). In 
221 nonmalignant urines there were 87 per cent nega- 
tive tests. In 183 miscellaneous urines there were 02 or 
34 per cent positive and of these 11 were from preg- 
nancy and postpartum urines. In 07 normal urines 97 
per cent were negative. These results agree closely with 
timsc of Roffo (1), Sakai (2), and Aron (3), and further 


confirm the validity of the trophoblastic thesis of malig- 
nancy. The following applications of the biological test 
were suggested: (a) in supplementing clinical and path- 
ological diagnosis of malignancy, (b) in testing for the 
presence or absence of metastases after treatment, (c) in 
controlling chymolrj-psin therapy, (d) in distinguishing 
between the presence of a benign and malignant tumor in 
the patient, and (e) in detecting the presence of early 
malignancy in a given individual. A positive test in a 
malignant patient will become negative after 2 or 3 
weeks of chymotrj'psin therapy (total from 100 to 300 
mgs.) in those patients who survive. In those that don’t 
the test may remain positive in spite of enzyme therapy. 
Another investigator has discovered the presence of a 
chymotrj’psin inhibitor only in the sera of pregnant 
women and malignant patients. The anticlijunotrypsin 
and biological tests agreed closely in 43 out of 40 cases. 

1. Roffo, A. H. Bob Inst. Med. Exper.. No. 65. 419, 1944. 

2. Sakai, S., Igaku Kenyu, 13, 1, 1939. 

3. Aron, M., Pres.se mod., 43, 1044, 1935. 

CARCINOGENIC ACTION OF CERTAIN CATA- 
LYTICALLY CRACKED OILS WITH HIGH 
BOILING POINTS. Kane.matsu Sogiuha, Wii> 
LiAM E. Smith, and Dodglas Sunderland (by 
invitation). (Sloan-Kettering Institute for Cancer 
Research, New York, N.Y.) 

In collaboration with a petroleum company* 200 
samples of oils, waxes, and tars were tested for carcino- 
genicity by painting upon the skin of animals. Samples 
of petroleum submitted to catalytic crackmg at high 
temperatures exhibited marked carcinogenicity. 

Mice painted •s\’ith high boiling catalytically cracked 
oils showed, in certain cases, papillomas as early as 29 
days and squamous cell carcinomas as early as 70 days. 
With continued painting, papillomas developed in near- 
ly every am'mal and in a majority undem-ent malignant 
change. The same material elicited papillomas in all of 
6 rhesus monkeys after 3 years of painting, but no tu- 
mors were obtained in guinea pigs and only 1 in 59 rats 
living over 1 year. Papillomas arose in all and cancers 
in 3 of 2C rabbits. 

Certain samples of these catalytically cracked oils 
showed a carcinogenic potency nearly comparable to 
0.3 per cent solutions of methylcholanthrene in ace- 
tone. The carcinogenic material was in the fractions 
distilling over above 700° F. The carcinogenic material 
can be concentrated in the aromatic fractions after dis- 
carding heptane-insoluble matter and adsorbing on silica 
gel columns followed by elution with cumene or acetone, 

* These studies were carried out under a grant from the 
Standard Oil Company (New Jersey) and certain affiliates in 
cooperation with the Medical Department of that Company. 
All samples were prepared and .supplied by the Standard Oil 
Development Company. 



American Association for Cancer Research, Inc. 
40th Annual Meeting 

Hotel Fort Shelby, Detroit, Michigan 
April 16 and 17, 1949 

Proceedings of Business Sessions 


Minutes of the Meeting of the Board of 
Directors Held April 15, 1919 

The meeting was held in the Commerce Room of the 
Hotel Fort Shelby in Detroit, Michigan, and was called 
to order at 7:05 p.m. by the Chairman of tlie Board. 
Present were Board members J. C. Aub, J. J. Bittner, 
A. M. Brues, E. V. Cowdry, E. A. Doisy, J. Purth, C. W. 
Hooker, Charles Huggins, and H. C. Taylor, Jr., and 
Dr. Theodore P. Eberhard, Business Manager of CAjV~ 
CER RESEARCH. 

The minutes of the last meeting were read and ap- 
proved. 

reports of officers 

The President reported that the chief interest of his 
ofiBce had been in CANCER RESEARCH, pursuant to 
the agreement at the last meeting that the Association 
assume responsibilit 5 ’' for the journal. At that time 
CANCER RESEARCH was several months in arrears 
of publication and its editor wished to be relieved of his 
duties. Acting with the approval of Mr. W. H. Donner 
of Donner Foundation, Cancer Research, Inc., a holding 
company consisting by definition of the three officers of 
the Association, was incorporated in tVilmington, Dela- 
ware on June 17, 1948. On September 19, 1948 a meet- 
ing of the Board of Managers of CANCER RE- 
SEARCH, appointed by the Board of Directors of the 
Association, was held in Washington. Present were Drs, 
Balduin Lucke, P. E. Steiner, E. W. Shrigley, Albert 
Tannenbaum, Theodore P. Eberhard, and Charles Hug- 
gins. After considering estimates of several publishing 
houses, the Board of Managers agreed upon the Uni- 
versitj' of Chicago Press as Printer and Dr. Paul E. 
Steiner as Editor-in-Chief. Both Doctor Steiner and the 
Press accepted their appointments. The Board of Man- 
agers recommended that the “abstracts section” in 
CANCER RESEARCH be discontinued. Applications 
for grants in aid for 1949 were then made to the Jane 
Coffin Childs Fund for 85,500; the Anna Fuller Fund 
for $2,000; and the Pardee Foundation for $1,000. These 
organizations generously agreed to these subsidies, thus 
meeting the conditions set by Mr. W. H. Donner for his 
subsidy of $5,000 for 1949. The annual cost of publica- 
tion is roughly $25,000. On October 25, 1948 an agree- 
ment was reached between the University of Chicago 
Press and Cancer Research, Inc. for publication until 


January 1, 1951, and on a year to year basis thereafter, 
with the understanding that after January 1, 1951 either 
party may terminate the arrangement on ninety days 
notice. Due to the effective work of Dr. Lucke and his 
staff, ably aided by Doctor Eberhard, the Ann Arbor 
Press has completed publication of Volume 8, with the 
exception of the December issue which is now ready for 
final printing. On November 22, 1948 the Ann Arbor 
Press agreed to terminate its contract with Cancer Re- 
search, Inc. on completion of Volume 8. On January 25, 
1949 the January 1949 number of CANCER RE- 
SEARCH appeared under the aegis of Dr. P. E._ Stein- 
er’s new editorial board and the new printer. Since then 
issues have appeared regularly and on schedule. The 
Press deals with subscriptions to back volumes and to 
current subscriptions of non-members. The Press is also 
investigating the possibility of obtaining advertising, 
but they consider advertising inadvisable until sub- 
scriptions total at least 1500. The present circulation is 
approximately 1300. When the circulation reaches 2500, 
advertising can provide a good source of support. On 
March 25, 1949 Editor-in-Chief Steiner notified Cancer 
Research, Inc. that he will not be available as Editor 
upon completion of Volume 9. On April 1, 1949 the 
monies of Cancer Research, Inc. on deposit with the 
Fidelity-Philadelphia Trust Company totalled $19,020.- 
05. We are now publishing a journal of 64 pages that is 
appearing promptly. Cancer Research, Inc. and the 
Board of Managers of CANCER RESEARCH believe 
that the cost of the journal to subscribers and to mem- 
bers of the Association is too low, and they recommend 
an increase to both classes of subscribers. The President 
reiterated his conviction that the publication of CAN- 
CER RESEARCH is a vital function of the Association. 
He emphasized that Cancer Research, Inc. is indebted 
particularly to Balduin Lucke, Paul E. Steiner, and 
Theodore P. Eberhard for their heroic efforts to trans- 
fuse and transform CANCER RESEARCH; tliat we 
are singularlj' in the debt of Mr. William H. Donner, 
the Childs and Fuller Funds, and the Pardee Founda- 
tion, without whose assistance nothing could have been 
attempted; that Cancer Research, Inc. is most grateful 
to the other members of the Association for their pa- 
tience and support in this trying period. 

The President concluded his report by restating his 
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conviction that the Association is a non-political group, 
organized to disseminate information, and to provide 
annual opj)ortnnity for meeting for comfort, enconrage- 
ment. and exchange of ideas in a convivial atmosphere. 

It was voted that the report of tlie President be ac- 
cepted nith commendation. 

'i'he President, in tiie absence of Dr. Baldnin Liickc. 
then presented the report of tlic Board of Managers of 
C.lSCEIl lUCSEARClI. The report recommended the 
abolition of the Board of JIanagers and its replacement 
by an Executive Council to be composed of the immedi- 
ate Past President . President. \’icc-Pre.sidcnt. and Secre- 
tary-Treasnrer of the .Association, and the Editor-in- 
Chief of CAXCEli llEEEAUCII . It was recommended 
that the Executive Council handle administrative prob- 
lems of the journal and problems of the Association 
needing prompt action in the interval between annual 
meetings of the -A.ssociation and its Board of Directors; 
that editorial policies of the journal be governed by the 
Editorial Bo.ard of the Journal. .After brief discussion, it 
was voted that the recommendations of the Board of 


Managers of CANCER RESEARCH be adopted. The 
report of the Board of Alanagers also urged increasing 
annual dues of active members to ten dollars, eight dol- 
lars of which would go to CANCER RESEARCH and 
two dollars of which would be applied to the expenses 
of the -Assoeiation. It was voted to accept the recom- 
mendation and to refer it to the members of the Associ- 
ation at their meeting. 

It was then voted that the Secretary appropriately 
thank the Editors of CANCER RESEARCH on behalf 
of the Association for their effective labors in bringing 
out CANCER RESEARCH. 

The Secretary reported that Dr. A''asant Kamji 
Khanolkar of Bombay, India had accepted the Honor- 
ary Membership to which he was elected at the last an- 
nual meeting. 

The Secretary reported that comparatively little ob- 
jection to the increase in annual dues from three to sev- 
en dollars had come to his attention. One member pro- 
posed to the Secretary that two classes of membership 
be created, full membership corresponding to the pres- 
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664 , 18 

2,775.40 

3,856,20 

45.00 


Di.sbnrscmcnts 

Cancer Research, contribution, 1948 
Cancer Research, subscription 1948, one member 
t niversity of Chicago Prc.ss 
464 subscriptions @ SG.OO 
4 supplements to paid subscriptions 
2 subscriptions @ 86.00, less 85.00 credit 
Ove^ayment 

Traveling e.xpcnscs. Board of .Managers, Cancer Research 
■Vimual Meeting, 1948 
Printing (Programs, etc.) 

Slide projectors, sendees 
Telephone, shipping charges 
Secretary's office 
Secretarial a.ssistancc 
Printing, office supplies 
Po.slage, stamps 

.Addressograph plates (605), 3 drawers 
Kefunas on overpaid dvies 
Bank charge, Canadian check 
Reprints, minutes of Directors' meeting Oct. 13, 1940 


6,676,60 



S 602.00 
5.00 

$2,784.00 

4.00 

7.00 
12 00 

2,807,00 

136.21 

160 75 
146.30 
6.17 

313,22 

250.00 
180.14 
63 91 
51.11 

545.16 

5.00 

.27 

.55 


BAI..A.\CE, Afarcb 31, 1949 


4,455 09 
82,221.51 


•-'"d vouchers in the Amei 
. me r^rded period, have been e.xamincd bv me, and that the 
and of its financial conditions as of March 31,' 1949. 


-Association for Cancer Re.search, Inc., for the 
e are true statements of its financial operations 


Theodoke P. Eberh.xrd 
Andiior for the Directors 
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ent active membership and associate membership not 
carrying witli it a subscription to CANCER RE- 
SEARCH and costing three dollars annually. Another 
member raised the question whether a husband and 
wife, both members of the Association, should both paj' 
full dues and both receive CANCER RESEARCH. To 
date 470 members have paid dues for 1949. The request 
of several members that a divided statement of dues be 
rendered, one that will allow these members to pay what 
they consider to be their dues and their laboratory to 
pay for the journal, was mentioned. The Secretary raised 
the question whether he has the authoritj' to meet these 
requests. After brief discussion the following actions 
were taken. With respect to the establishment of an as- 
sociate membership, it was voted that the By-Laws be 
affirmed. It was agreed with respect to full payment of 
dues by husband and wife that no special arrangements 
should be made at present. AVith reference to preparing 
divided statements, the Board voted “that the Secre- 
tary be instructed to issue a lump-sum statement of 
dues,” the sense of the group being that dues are a set 
sum in return for which the member receives various 
rights and privileges, including CANCER RESEARCH, 
and that reimbursement is the problem of the member. 

The Treasurer’s annual report was then read and ac- 
cepted, pending approval by an auditor. Dr. Theodore 
P. Eberhard was appointed auditor. 

REPORTS OF STANDING COMMITTEES 

Program Committee. — Chairman J. C. Aub reported 
that the number of abstracts submitted greatly exceed- 
ed that of any 5 'ear in the past, and that his Committee 
attempted to place as many different investigators on 
the program as possible. Even with a two-day meeting 
with three sessions running concurrently, one-third of 
the papers submitted had to be read by title. In the dis- 
cussion it was agreed that papers read by title are to be 
a permanent portion of the program. AAh'th respect 
to the next meeting, the Board ■('oted to hold a three- 
day meeting to be held more or less in conjunction with 
the meeting of the Federation of American Societies for 
E.xperimental Biology, the precise time to be determined 
by the Program Committee. 

Nominating Committee. — Chairman Hooker reported 
that his Committee had proposed for new members of 
the Board of Directors Drs. J. C. Aub, E. A^. Cowdry, 
E. A. Dois 3 % AV. U. Gardner, H. P. Husch, M. B. Shim- 
kin, H. C. Taylor, Jr., and Albert Tannenbaum. These 
names were listed on the proxy ballots sent to the mem- 
bers of the Association by the Secretary. Count of the 
ballots revealed that Doctors Aub, Cowdry, Doisy, and 
Gardner received the largest number of votes. The 
Board voted, “That the Secretary cast one ballot for the 
nominees chosen by the members.” The new Directors 
were then declared elected. 

Membership Committee. — Chairman Jacob Furth re- 
ported that the Association now has C04 active mem- 
bers, 4 emeritus members, 3 contributing members, and 
8 honorary members. The resignations of the following 
members were submitted and accepted: 


C. J. Christy 
Arthur F. Coca 
Charles A. Elsberg 
AAffiliam R. Franks 
J. E. Gendreau 
A. AA”". Hengerer 
Martha Elizabeth Howe 
Richard Lewisohn 


Catharine Macfarlane 
AA’illiam C. McCartj’ 
Angelo H. Roffo 
Isabel M. Scharnagel 
Fritz Schlenk 
Harold A. Solomon 
AA'illiam H. AVehr 
Florence R. AAJiite 
N. AA’hite 


The requests of Dr. C. H. Bunting, Dr. B. J. Claw- 
son, Dr. Thomas S. Cullen, and Dr. E. E. Tyzzer for 
transfer to Emeritus Membership were submitted and 
approved. 

The deaths of the following members were announced 
with expressions of profound regret. 

Montrose T. Burrows 
Mortimer Cohen 
Joseph McFarland 
A. A. Thibaudeau 


The nominations for active membership were then 

presented. The Committee recommended the election 

of 66 nominees. They were: 

Arneson, Axel Norman, M.D., AA'^ashington Univer- 
sity School of Medicme, St. Louis 8, Mo. 

Berenblum, Isaac, M.D., National Cancer Institute, 
Bethesda 14, Md. 

Bodansky, Oscar, Ph.D., M.D„ Memorial Hospital, 
444 East 68th Street, New York 21, N.Y. 

DE Bruyn, AA^illemina M., Ph.D., Johns Hopkins Hos- 
pital, Baltimore 5, Md. 

Buhchenal, Joseph H., M.D., Sloan-Kettcring Insti- 
tute for Cancer Research, 444 East 68th Street, 
New York 21, New York. 

Cambel, Perihan, M.D., AA'ashington University 
School of Medicine, St. Louis 10, Mo. 

Chalklby, Harold AAk, Ph.D., National Cancer In- 
stitute, Bethesda 14, Md. 

Clark, R. Lee, Jr., M.D., M.D. Anderson Hospital, 
2310 Baldwin Street, Houston 6, Texas. 

Cook, Elton S., Ph.D., Institutum Divi Thomae, 1842 
Madison Road, Cincinnati 6, Ohio. 

Copeland, D. H., B.S., Alabama Polytechnic Institute, 
Auburn, Alabama. 

Davidsohn, Israel, M.D., Mt. Sinai Hospital, 2750 
AA'^est 15th Place, Chicago 8, 111. 

Elman, Robert, M.D., AA'ashington University School 
of Medicme, St. Louis 10, Mo. 

Everett, IMaiIk R., University of Oklahoma School of 
Medicine, Oklahoma City 4, Okla. 

Fishman, AVilliam H., Ph.D., Tufts College IMedical 
School, Boston 11, Mass. 

Frantz, Ivan DeRay, M.D., Massachusetts General 
Hospital, Boston 14, Mass. 

Gorbjian, Aubrey, Ph.D., Barnard College, Columbia 
University, New York 27, N.Y. j- i /"■ i 

Gorham, L. AA’hittington, M.D., Albany Medical Col- 
lege, Albany 1, N.Y. • 

Greenberg, David M., Ph.D., University of California 
Medical School, Berkeley 4, Calif. 
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Cmr.ii. Hoiseht S.. M.D.. MaKsacIiusetts General Hos- 
pilai. Doston i f. Jla*;!*. 

(Jmrn.v. Amos CnAHK. I’li.D., Stanford University, 
Stanford, Calif, 

Hauxi.v, ^[oiiitis If., Pii.D., Xc'v \ork University, 
Xc«’ "li’ork !l. K.Y. 

Ur.wr.i.m-.nr.FM, CiiAni.Es. Pn.D., University of Wis- 
consin, ^fadison Wis. 

Ilori's. HowAiin C., M.D., University of Oklahoma 
School of Medicine, Oklahoma City, Okla. 

IIl-oueev, Ciiahees M., .In., M.D., Emory University 
School of Iticdicine, Emory University, Ga, 

.losEs, IIai-ph, .In., M.D., University of Pennsylvania 
Hospital. Philadelphia 4, Pa. 

Kexxedv, IJvni, ,I., IM.l)., Mass.achusetts General Hos- 
pital. IJoston 14, Mass. 

Kixo. .losEPi! T„ Pn.D , M.D., University of Minne- 
sota, Minneapolis 14. Alinn. 

Kkeke. ConxEuu.s W., Pn.D., Institntum Divi 
'i’honiae, 1842 Madison Road, Cincinnati 0, Ohio. 

Lansing, .\EHEnT I., Pn.D., Washington University 
School of Medicine, St. Louis 10, Mo. 

Lawhence, Eiiotn M.D., University of Utah Col- 
lege of Medicine. Salt Lake City 5, Utah. 

Le.atiie.m, .Tames H., Pn.D., Rutgers University, New 
Brunswick, N..I. 

Lenta', Sisteh 1^1, Petiea, Af. S., College of St. Scholas- 
ticn, Duluth 2, Minn. 

Lewis, Geouge T., Pn.D., Emory University Scliool of 
Jtcdicine, Emory University, Ga. 

Lxjck, .T. Mutiiuv, I’li.D., Stanford Universil.v, Stan- 
ford, Calif. • 

LusiiriAUcit, Ci,.AnENCE C., Pn.D., M.D., Los x\lamos 
Scientific Laboratory, Los Alamos, New Mexico. 

^Laen. JLahk E., M.D., St. Mary’s Hospital, 1420 St. 
.\nloine, Detroit 20, Mich. 

MEUAins, Robeut C., Pn.D., M.D., Sloan-Kettcring 
Institute for Cancer Research, 444 East CStli 
Street, New York 2], XLY. 

JIoonE, .Alice E„ M.D., Sloan-Kettcring Institute for 
Cancer Research, 444 East fiSth Street, New York 
21, X.Y. 

Mcli.ioan, Ricii.aud M., AI.D., University of Colorado 
School of Medicine, Denver 7, Col. 

Neuto.v, Berne L,, 5I.D., Baylor University College 
of Medicine, llou.slon 1. Te.xas. 

XoA-iKOFr, Ale.x B.. Pji.D,, University of Ycrmonl 
College of Medicine, Burlington, Vt. 

Nlti.vi, Leo G., Jf.D., Institutum Divi Thomae, 1842 
Madison Hoad. Cincinnati 0, Ohio. 

Odell. Lester D., M.D., University of Chicago, Chi- 
cago 87, III. 

Oi-PENIIELM. Abr.aiia.m ,M.D., 30 East (iOth Street, New 
York 22, N.Y. 

Paletta. Filancls X.. M.D„ 034 X. Grand. St. Louis 3, 
Mo. 

Peterslann, ^Mary Locke, Pn.D.. Sloan-Kettcring In- 
slilntc for Cancer Research. 444 East 08th Street, 
New York 21, X'.Y. 

Pinkerton. Henry, M.D., St. Louis University School 
of Medicine. St. Ixiuis 4. Mo. 


Riley, A ernon T., National Cancer Institute, Bethes- 
da 14, Aid. 

Rosenthal. Theodore B., Pii.D., AAashington IniA’cr- 
sity School of Aledicinc, St, Louis 10, AIo. 

Rucir, Robert-s. Pii.D.. Columbia University, New 
York 32. N.Y. 

Salmon, AVilliam D., AI.A., Alabama Polyteclinic In- 
stitute, Auburn. Ala. 

Scott, AA'iLLrA.M AV.. Pn.D., M.D.. Johns Hopkins Hos- 
pital, Baltimore -5, Md. 

Siiacter, Bernard, Pii.D., Laguna Honda Home, San 
Francisco 10, Calif. 

ShaY', Harry, M.D., Temple University School of Aled- 
icine, Philadelphia, Pa. 

SiiETLAR, Maratn R.. Pii.D., University of Oklahoma 
School of Medicine, Oklahoma City 4, Okla. 

Skapier, Joseph, M.D., Pn.D., 330 AA’est 72nd Street, 
New York 23, N.Y. 

Stern, Kurt G., Pii.D., Polytechnic Institute of Brook- 
lyn, Brookljm 2, N.Y'. 

Stevens, Charles D., Pii.D., University of Cincinnati 
College of Medicine, Cincinnati 10, Ohio. 

Stolmerson. AA’illlam H., Pii.D.. .Army Chemical Cen- 
ter, Md. 

Symeonidis, Alexander, M.D., Pn.D., National Can- 
cer Institute, Bethesda 14. Md. 

Thuringer, Joseph, M.D., Unii’ersity of Oklahoma 
School of Medicine. Oklahoma City 4, Okla. 

AA’ard, Grant E., M.D., 214 Medical Arts Building, 
Baltimore 1, Md. 

AA'artmen, AA'illum B., M.D., Northwestern University 
Medical School, Chicago 11, 111. 

Wight, Kent M., Ph.D., National Cancer Institute, 
Bethesda 14, Md. 

AAtlson, J. AA’alter, Ph.D., Brown University, Provi- 
dence 12, R.I. 

Zeidjun, Iratng, M.D., Unii'ersity of Pennsylvania 
School of Medicine, Philadelphia 4, Pa. 

Committee on Cancer Research, Its Organization and 

Support . — ^The report, submitted by Chairman Shields 

AA'arrcn, has been filed in the office of the Secretary. By 

order of the Board an abstract of the report is gii’cn here: 

The most striking development since tlie last re- 
port has been the establishment of a program for 
cancer research in the field of atomic energy. The 
initial appropriation made by Congress to the 
Atomic Energy Commission had $4,000,000 ear- 
marked for cancer research. TJie program has con- 
sisted of dei'clopmcnt of facilities for clinical inves- 
tigation in conjunction with the national labora- 
tories; pronsion of funds for the Atomic Casualty 
Committee of the National Research Council for 
study of the carcinogenic potentiality of a single 
dose of radiation in the human material at Naga- 
•saki and Hiroshima; proA’ision of funds for research 
in certain fields liaA'ing to do with the utilization of 
radioactive isotopes for research in therapy; ad- 
vancement of funds to the Office of Nar-al Re.scarch 
to permit continuation of cancer research projects 
threatened by the insufficient funds of the Office of 
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Naval Research; making available free in April, 
19-18 the isotopes and Na=‘ for cancer re- 

search and treatment; making available free in 
February 19-19 all other isotopes for cancer re- 
search. Only shipping and handling charges must 
be paid by the investigator. For this purpose the 
Atomic Energy Commission has set aside $450,000. 
Tlie Isotope Distribution Committee of the Atomie 
Energy Commission and its Subcommittee on Hu- 
man Allocations are doing effective work in making 
isotopes widely available and in insuring the safety 
of those who may come in contact with them. 

A second important development is the initia- 
tion of a program of construction of research facil- 
ities by the U.S. Public Health Service. The pro- 
gram is the outgrowth of recognition by the Public 
Health Service that universities have insufficient 
funds for new construction, that present facilities 
are overcrowded, and that effective use of the 
brains and money available for cancer research is 
contingent upon space to work. The first step was 
authorized by the Eightieth Congress, and that 
policj’ is apparentl 5 '’ to be continued by the present 
Congress. 

A significant trend toward increased emphasis 
on chemotherapy is pointed out. 

It is noted that most of the privately endowed 
foundations are now placing little emphasis on can- 
cer, recognizing the sums provided by other sources. 
The foundations specifically for cancer, such as the 
Anna Fuller Fund and the Childs Fund, continue 
their effective support. The M. D. Anderson Foun- 
dation is gradually developing a potentially effec- 
tive cancer center in Houston, and we expect this 
Foundation to be a source of future impetus to can- 
cer research. 

The report records the establishment of the new 
journal CANCER, and expresses satisfaction with 
the assumption of responsibility for CANCER RE- 
SEARCH by the Association. Tlie publication of 
the “Index to Literature of Experimental Cancer 
Research, 1900 to 1935” by the Donner Founda- 
tion is regarded an important service to investi- 
gators. 

The great number of meetings on various aspects 
of the cancer problem held since the war is men- 
tioned. The Committee recognized the value of 
these meetings, but suggests that there is the pos- 
sibility of too many meetings retarding rather than 
expediting research. The growing international co- 
operation in cancer research, however, is enthusi- 
astically endorsed. 

The reconstruction of the Roscoe B. Jackson 
Memorial Laboratory is recorded as being of great 
significance. 

As to the future, the report considers it obvious 
that increased clinical research on patients is need- 
ed. The recent advancements in the laboratory need 
to be checked by pilot clinical studies. A great need 
is research wards whose cost will not be met di- 
rectly by the hospitals. Significant e.\-ploration in 
this field is being made by the U.S. Public Health 


Service. Ihe faet that project research of a short- 
term character is not fully effective is again urged. 
The advantages of the institutional type of grant 
as developed by the American Cancer Society are 
mentioned. The occasional tendency within the 
recipient institution to break up the grant into a 
series of project grants is decried. 

The report concludes with a restatement of the 
increased costs of research and of the fact that 
much current research is a painstaking survey of 
fields already roughly mapped out. Costly appa- 
ratus and teams composed of men familiar with a 
number of diverse scientific fields are needed. 

REPORTS or SPECIAL COSIMITTEES 

Coiiiviiitee on Eoccil Scciions of ifie Association , — 
Chairman E. V. Cowdry reviewed the survey made by 
his Committee and their recommendations, and pre- 
sented from his Committee the following resolution to 
serve as a guide for an addition to the By-Laws of the 
Association : 

“The American Association for Cancer Research 
maj' have local chapters in such areas which have 
sufficient numbers of individuals with scientific in- 
terest in cancer research. Application for establish- 
ment of the chapters shall be made by th'c local 
group of no less than 10 members of the Associa- 
tion, and shall be considered by the Board of Di- 
rectors; if the Board agrees that the geographic 
area and other conditions are acceptable, the au- 
thorization for the ehapter shall be made by the 
vote of the members at their annual meeting. Ad- 
ditional members of the chapter do not necessarily 
have to be members of the Association, if they meet 
the same general qualifications as members of the 
Association, with the exception of the publication 
requirement. Meetings of the chapters shall be held 
at least twice a year, and reports of such meetings 
shall be made to the Secretary of the Association.” 

The Board voted to accept the report and to adopt 
the resolution. 

REPORTS OF REPRESENTATIVES OF THE CORPORATION 

Dr. E. V. Cowdry, delegate to the International Can- 
cer Research Congress, reported that a clarification of 
the Congress is expected at the meeting in Paris in the 
summer. 

It was voted “That Drs. E. V. Cowdry and W. U. 
Gardner be recommended by the Association as official 
delegates of the United States to the International Can- 
cer Research Commission, the recommendation to be 
transmitted by the Secretary to Dr. Ignacio Y. Milan 
in Mexico by order of the President of the Association. 

UNFINISHED BUSINESS 

After brief discussion it was voted not to affiliate 
with the Union of Biological Societies at the present 

time. ... 

It was reported that a history of the Association is 

now in preparation. 
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li) view of flic iiiconstimoy in the dale of llic nnnunl 
inretinp from year to year and because of the increased 
finaiieiai operalions of tlie Association, it "'as voted, 
"Tlial I lie fiscal year of tiie Association hcnccforUi cover 
tlie [icrio<l.Inmiary I liiroiigh Dcccnilicr fit. llie Hoard 
also %'otcd to approve the briefest possible summary of 
aelivitics in the published version of the Treasurer's re- 
port . 

Anlhorizalion was given the Secrclnry-Trcastircr to 
make such alterations in the composition of the annual 
statemenls of dues ns arc necessary. 

Dr. E. Cowdry reported that plans ha\-c been 
made for the Fifth Inlernalional Cancer Research Con- 
gress to be held in Paris in Ifl.iO, probably in .July. In- 
vitations have already been sent, and the Prc.sident will 
be Dr. A. I/icassagne. It has been agreed to request the 
International Congress to send every member of the 
Association an invitation to present a paper. 

It was pointed out that in the voting of members for 
new members of the Hoard of Directors during the last 
two years the largest vote has been cast for the first four 
names on the ballot. It was also pointed out that it has 
become customary for the Nominating Committee to 
renominate the retiring members of the Board, that any 
new Committee and any retiring Director is thrown into 
embarrassing circumstances if an unintentionally self- 
perpetuating Hoard is to be made impossible. After dis- 
cussion it was voted. “That the order of names on the 
ballot for Directors be determined by lottery, and that 
this fact be .staled on the ballot.” It was further voted 
that "Hcginning in 1951 no member of the Board of Di- 
rectors can succeed himself in office (or a period of one 
year.'’ 

Nominations for officers of the .\ssociation for the 
coming yc.ir were then made; for President, .loe.sph C. 
.Vub; for ^'ice-Prcsident. .Jacob Forth, for Secretary- 
Treasurer. Charles W. Hooker. 

It was voted to hold the ne.\l meeting of the Board at 
noon on .\pril 17, 1949. 

The meeting was adjourned at 10: 1.5 p.m. 

Cit.snt.Es IIuGGi.vs 

Chairman, Hoard of Dircclor.i 
Cu.vnLEs W. Hooker 
Secretary 

Minltes op the Meeting op the Members 
Help .Vpkil 1G, 1949 

The meeting was held in the Coral Room of the 
Hotel Fort Shelby and was called to order at 1 ;48 p..m. 

Reading of the minutes of the last meeting was omit- 
ted by vote of the members. 

The Treasurer's report ami the report of the .Auditor 
were read and accepted. 

Chairman of the Committee on 
Ixical Sections, reported the work of his committee and 
subniitfed the Re.=olution regarding the establishment of 
t'eclions of the .V.ssociation recorded in the minutes of 
the meeting of the Board of Directors on -April 1.5. 1949, 
It was voted to adopt the re.solution. 

The Pre.sidcnt reporteri the transfer of ownership of 


CANCER RESEARCH to the A.ssociation as given in 
the minutes of the meeting of the Board of Directors on 
.April 15, 1949. _ 

'I’lie propo.sal of the Board of Alanagers of CA^CER 
RESEARCH regarding increasing the dues of active 
members and the approval of the Board of Directors 
were reported. After a spirited and general discussion it 
was voted that “'riic annual dues of active members be 
increased to ten dollars and that active membership 
carry with it a subscription to CANCER RESEARCH- 

The President announced the results of the voting 
for new' members of the Board of Directors and declared 
the new Directors to serve until 1952 to be Drs. .1. C. 
Aub, E. A\ Cowdry, E. A. Doisy, and AY. U. Gardner. 

The President also reported the action of the Board 
with respect to the order of names on the ballot and an- 
nounced the decision of the Board regarding a member 
of the Board succeeding himself. Tliese actions w'cre ap- 
proved. 

The nominations for officers of the Association were 
road; 

■loscph C. Aub, President 

Jacob Furtli, Vice-President 

Charles AV. Hooker, Secretary-Treasurer 

The candidates were elected. 

The conflicts of the meeting with other meetings of 
interest to members of the Association were pointed out. 
Dr. Frank B. Queen presented the resolution: “That 
the Board of Directors of the Association be requested 
to explore the possibility of coordinating the time and 
the place, and if not the place, the time, of other meet- 
ings with the Executive Boards of the American Associ- 
ation of Pathologists and Bacteriologists, the Interna- 
tiona! Association of Medical Museums, and the .Ameri- 
can Society for Experimental Pathology; that it is the 
sense of the members of the Association that these meet- 
ings be so timed that the meetings of the several soci- 
eties will not be mutually exclusive to their members,” 
In the discussion the reason for the present custom of 
meeting in conjunction with the Federation and tlie be- 
lief tlial a majority of the Association’s members are in- 
terested in tlie Federation's meeting were mentioned. 
Dr. jM. J. Shear pointed out the difficulties experienced 
by employees of tlie Federal Government in getting nu- 
merous or closely spaced leaves of absence. AAJicn sub- 
mitted to vote. Doctor Queen's resolution was adopted. 

The desirability of having the abstracts printed prior 
to the meeting was pointed out, and the question was 
briefly discussed without decision. 

The meeting was adjourned at 2:25 p..m. 

Charles Huggix.s 
President 

Charles AA'. Hooker 
Secretary 

AIlvltes of the AIeetixg of the Board of 
DiRECToas Held April 17, 1949 

The meeting was called to order at 1 : 15 p.m. in the 
Hotel Fort Shelby in Detroit, Alicliigan, following 
waiver of previous formal notice of the meeting .signed 
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by all Directors present and constituting a quorum. 
Board members J. J. Bittner, A. M. Brues, E. V. Cow- 
dry, E. A. Doisy, Jacob Furth, AV. U. Gardner, C. AA\ 
Hooker, and Charles Huggins were present with the new 
Chairman of the Board, Dr. J. C. Aub, presiding. 

Reading of the minutes of the last meeting was 
waived. 

The problem of the relations of the Association with 
the press was discussed. Dr. Cowdry, who represented 
the Association in its relations with the press during the 
present meeting, reported that the Chairmen of the sev- 
eral scientific sessions had met with representatives of 
the press. It seemed agreed that public interest in the 
cancer problem and public support of cancer research 
more or less dictate cooperation with the press, and that 
the seriousness of the cancer problem makes it impera- 
tive that press reports not be misleading, however unin- 
tentionally. No ready solution was apparent, but it 
seemed agreed that if abstracts were available, science 
writers could come to the meeting better prepared to re- 
port papers presented. The advantages of prior publica- 
tion of abstracts to members of the Association attend- 
ing the meeting were also stressed. It was voted, “That 
abstracts of the papers on the program be published in 
the number of CANCER RESEARCH immediately 
preceding the meeting.” 

The problem of financing CANCER RESEARCH 
was again discussed, with particular attention to appli- 
cations to various Foundations for support. It was 
voted, “That the Board of Directors seek any support 
that can be obtained without restrictions as to use.” 

The selection of a new Edltor-in-Chief and the sacri- 
fices an Editor must make were discussed. Several com- 
petent and desirable candidates were suggested, and 
means of making the post attractive were considered. 
The President was directed to proceed toward the selec- 
tion of an Editor. 

It was voted, “That the Executive Council take the 
necessary steps to transfer the funds of Cancer Re- 
search, Inc. to such place as they deem fit.” 

It was pointed out that the automatic subscription of 
members and the handling of non-member subscriptions 
by the publisher have rendered the post of Business 
Manager of CANCER RESEARCH unnecessary. It 


was therefore voted, “That the post of Business Man- 
ager of CANCER RESEARCH be discontinued; that 
the Business Manager be discharged with the thanks of 
the President and the Association; that the Secretary- 
Treasurer of the Association assume the residual duties 
of the Business Manager; and that the sum of $1200 
be allocated for the office of Secretary-Treasurer.” This 
sum represents $900 previously allocated by CANCER 
RESEARCH to the office of the Business Manager and 
$300 usually appropriated by the Association for the 
office of the Secretary-Treasurer. 

The Chairman of the Board proposed the following 
as members of the standing committees of the Associa- 
tion: 

Program CommUiee. — ^A. M. Brues, Chairman; C. P. 
Rhoads; H. P. Rusch. 

Nominating Committee. — C. AV. Hooker, Chairman; 
H. B. Andervont; E. A'^. Cowdry. 

Membership Committee. — Jaeob Furth, Chairman; 
AA’. L. Simpson; E. C. Reifenstein, Jr. 

Committee on Cancer Research, Its Organization and 
Support. — Shields AA'arren, Chairman; G. M. Smith. 

He also proposed the following Special Committees; 

Committee on Press Relations. — E. A’’. Cowdry. 

Committee on Amending By-Laws. — C. AAk Hooker, 
Chairman;. Jacob Furth. 

The Board approved the proposed Committees. 

The customary banking resolutions were adopted. 

Publication of the minutes and scientific proceedings 
of the meeting were authorized, the costs of publication 
to be paid by the Association. 

It was voted, “That publication of the By-Laws and 
list of members be deferred until after the next annual 
meeting.” This action was prompted by the proposal 
that the By-Laws be revised and brought to date before 
the next meeting. 

The meeting was adjourned at 2:00 p.m. 

Joseph C. Aub 

Chairman, Board of Directors 

Charles AAk Hooker 
Secretary 
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The Oxidation of Octanoate by Liver 
Homogenates from Leucemic Mice* 

Care S. \"est!.ing, Jesse N. Williams, jR.,t Seymour Kaufman, t 
Richard E. Maxwell,! and Henra’ Quastler 

U'rnm llir Dirhwn nf Jlinclirmifini, XoJjr--< iMboralonj of Clietnulrij, Cnircrxilii of Illmoi.s, Vrbana, and 
thr Drparliiinil nf nadiotogy, Cork Jlo.yiilal Clink, Vrbnnn, 111.) 


IVe linvc l)Cgim an invcsUgalion of llic k-vcl of 
cir/ynialip aclivUy in tissues whidi liavc ijocn in- 
fill ralej) )>y luaiignanl cells. Two prcliminarj’ rc- 
porl.s of this work have appeared (1, 2). IVo are 
jtresenling herewilii results of studies of fatty acid 
oxidase activity wldcli have iiccn carried out on 
CAS mouse liver homogenatc.s according to Lchn- 
inger (tl. 4). In addition, results of orienting cx- 
periinents with rat liver systems will he reported. 

Since one aspect of the cancer prolilcin is the 
sliidy of the diemicai reactions which take place 
ill living ti.s.sue, and .since all major reactions in 
rim involve enzyinatie inhncncc. it is important 
to determine the etfect which im’admg malignant 
ceils may have on the catalytic apparatus of nor- 
ma! tissue. 'I'he majority of the studies of cuzymes 
ill relation to cancer have fiecii similar to those dc- 
'•erihcil hy Greenstein and co-workers (5) and have 
involved a compari.sion of the enzymatic levels of 
normal rrrsits tninor lis.snc. It seems important to 
Us (o study organs which are more or le.s.s diffusely 
inliltniteii hy maliguaul cells The rr>8 strain of 
mice develojied hy MacDowcll oilers excellent cx- 

* T)k‘ niiUitiiv wLh to tliniik Dr. E. C. MacDowcll, Depart- 
imiil ot Geaclics, t'anicaie ta>lUMtioi> of Wa^liiaptoa, CoIii 
.'"priiip; Il.irlxir. Ijitip Llaiid, Xciv York, for supplying them 
« ith mice of the v.aUiahlc ('.>S strain for Uu"-e slniiics. 

I In p.art from ;> thc'is for the ilegrco of Doctor of I’iiiJoso- 
phy ill Chcmi.try Mihmittcil hy .1. X. tViUiams. ,Ir., to the 
•>m<hi.itc ( oi.Vgo, f'liivcrsity of Illinois. Present address. De- 
I'.rrlnirnt of 15)ochcmi-frj-, Fniversily of Wisconsin, Madison. 
Wi^eon-in. 

i I’n's-nt addrc". Department of Bitx;hcmislry, School of 
thsh'rinr, Duke I niversity, Durham, North Carolina. 

• Present addn-ss. Dep.irtment of Chemi,lr>-, Iowa State 

t .Sine*. Lm.a. 


perimenUd inateritil for lliis type of study, since 
numerous tissues in these animals arc invaded by 
malignant lymphocytes as spontaneous lymphatic 
Icuceinia develops (6, 7). Histological examination 
of typical tissues from C58 mice shows general in- 
filtration with pronounced concentrations of ma- 
lignant cells around the periphery of blood vessels. 
Entire organs arc attacked and are subjected to a 
competition for metabolites with tlic actively 
imiUiplying lymphocytes. 

E'smg liver slices from leuccmic mice (Rf and 
Rf/Ak strains) Burk et al. (8) have described cx- 
[lerimenls involving oxj'gcn uptake, COj ‘produc- 
tion, and aerobic and unerobic glycolysis. Their 
results show, in general, elevated glycolysis (par- 
ticularly in ancrobic systems) in the case of infil- 
trated liver.s. Hall (9) has reported similar results 
in ancrolric glycolysis studies on liver slices from 
leuccmic Ak mice. We have confirmed these ob- 
servations on ancrobic glycolysis witli C.78 mouse 
liver slices (10). (For results of studies of the me- 
tabolism of lymph nodes from leucemic mice, see 
Victor and Potter (11).) 

Our results can be summarized in advance by 
.staling Hull in C58 mou.se liver.s there is frequent- 
ly observed a profound loss of fatly acid oxidase 
activity (as measured by the Lchningcr technique) 
associated with leucemic infiltration. In such 
ca.scs the exlen! of loss of activity usually greatly 
exceeds the c.xtcnt of replacement of liv'cr cells by 
malignant lymphocytc.s. Histological examination 
of the C.78 mou.Kc livers has been made in every' 
case, and an estimate of the degree of infiltration 
obtained u.sing Chalklcy’s method (12), Jn our e.v- 
[icrimcnls whole homogenates and washed, inal- 
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onate-inhibited systems from infiltrated mouse 
livers showed essentially similar net fatty acid 
oxidase activities. 

Lehninger (4) reported that rat liver fatty acid 
oxidase sj^stems were susceptible to inhibition by 
exeess substrate. We have made a study of the re- 
lationship between octanoate concentration and 
oxygen uptake, using whole rat liver homogenates 
and washed, malonate-inhibited rat liver homoge- 
nates. Both types of system show a peak of activ- 
ity at 0.001 3f octanoate concentration. Our 
mouse experiments have been carried out at this 
concentration. 

EXPERIIMENTAL 

Por the work to be described the following spe- 
cial materials were obtained as indicated; Cyto- 
ehrome-c by the method of Keilin and Hartree 
(13) modified by final dialysis against distilled 



Fifi. 1.- — The Relation Between Oxygen Uptake and Oc- 
tanoate Concentration in Rat Liver Homogenates, Reaction 
Time = 45 minutes. Temperature = 25° C. Flask Compo- 
nents and Reaction Conditions in the “Unwashed” Scries; 
0.20 ml. 0.035 M NajHPOi (pH = 7.5) 

0.10 ml. 1 X 10~‘ M cytochrome c 

0.25 ml. 0.013 M Na 4 ATP 

0.25 ml. unwashed liver homogenate (See text) 

0.20 ml. 10 per cent KOH in center well 
0.20 ml. sodium octanoate (pH 7.5) of appropriate concen- 
tration or 0.20 ml. H 2 O in side-arm. 

Flask Components and Reaction Conditions in the “IVashed” 
Series; 

0.10 ml. 0.07 M NaaHPOi (pH = 7.5) 

0.10 ml. 0.048 M MgSOj 
0.10 ml. 1 X 10~* J/ cytochrome c 
0.10 ml. 0.1 M Na malonate 
0.10 ml. 0.033 iV NaiiVTP 
0.20 ml. KOH in center well 
0.30 ml. homogenate (washed) 

0.20 ml. sodium octanoate (pH 7.5) of appropriate concen- 
tration or 0.20 ml. H 2 O in side-arm 


water and lyophilization, adenosine Iriphospliate 
according to LePage (14), octanoic acid (East- 
man), a-ketoglutaric acid syntlicsized by E. D. 
Nielson in this laboratory ticcording to Schneider 
(15), adenjdic acid by lij'drolysis of adenosine tri- 
phosphate. 

Livers were homogenized for 2 to 3 minutes in two 
parts of ice-cold Krebs-Ringer phosphate buffer (pH = 
7.7; calcium omitted) with the aid of a Potter-Elvehjem 
glass homogenizer (IG). After removal from the animals 
the livers were immediately cooled in ice for 5 m’mutes 
before homogenizing. In the preparation of washed sys- 
tems the W'hole homogenates were centrifuged at 0 to .1° 



Time (Minutes) 

Flo. 2. — Oxid.ntion of Octanoate by CSS Mouse Liver Ho- 
mogenate (Washed, Malonate-inhibited). Mouse #77293. Per 
Cent Infiltration of Liver = 0.7. Theoretical O.vygen Uptake = 
67.2 pi . Temperature = 25“ C. Flask Components and Re- 
action Conditions; 

0.10 ml. 0.025 M KajHPO) (pH = 7.5) 

0.10 ml. 0.083 ill sodium malonate 

0.10 ml. 0.048 M jMgS 04 

0.10 ml. 1 X 10“^ jR cytochrome c 

0.15 ml. 0.022 ill Ka4.4TP 

0.25 ml. washed liver homogenate (See text) 

0.20 ml. 10 per cent KOH in center well 
0.20 ml. sodium octanoate (pH = 7.5 of appropriate con- 
centration or 0.20 ml. H 2 O in side-arm 

for S minutes in a clincai centrifngo at 2500 r.p.ra, and 
tiie supernatant fluid discarded. The centrifuged mate- 
rial was then washed with ice-cold Krebs-Ringer phos- 
phate buffer in sufficient amount to bring the sj'stem to 
its original volume after centrifugation. The washing 
and centrifuging were done 3 times. After the final 
W'ashing the system was made up to three-fourths of its 
original volume with the ice-cold buffer. 

In our early experiments Lehninger’s first technique 
(3) involving whole homogenates was used (17). It be- 
came apparent that further knowledge of the effects of 
varying substrate concentration was required. Hence, 
the oxygen uptake of rat liver systems as a function of 
octanoate concentration was studied. The results of an 
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rtp'-Tiinciit of fiii'; type nrc shown m Figure 1. On this 
graph nrc aho plotlcd rosiills for a washed mnlonalc-in' 
iiihilcd rnl liver syslcin. Tlicsc results indicate that 

0. 001 M octanoatc concentration permits optimal nc- 
livity. 

From ex]>criments with washed, malonatc-inhihiled 
rat liver systems it was possible to plot the reciprocals 
of the initial velocities (la minutes values of the oxygen 
iipf nke) against the reciprocals of the octanoaic concen- 
trations. This permits ev.alnation of the Michnclis con- 
stant (K„) according to the slope-intercept form of the 
itficlinclis conation; (18) 

1 ... 1 , 1 
t' I max • ^ • 

In this cf|iialion v is the observed initi.al velocity, \'max- 
is the graphically estimated limilittg velocity, and S is 
suhslratc molarity. The values of Km for 0 cxjjerimcnts 
with normal adult rat liver were 1.88, 1.04, 2.20, 1.71, 

1. tll, and 1.4:1 X 10~’ M. The average Km value was 
1.70 X 10-= d/. 

I/cIiningcr’s (10) and oiir rcsulLs with the 
wa.slicd .sy.slcm.s show .-i rapid nc.ar-qn.intitative 
tran.sforniation of ocUinoulc to acclo.icctate under 
the condilion.s specified in Figure 1. The oxj'gcn 
uptake aftftroaches the llicorclical amount re- 
quired for llic reaction: 

CH, (CH;) sCOOH -f 30.-^ 

Clicmicjil amdysis for accloacclic acid produced in 
the reaction by Fdson’s method (25) amply con- 
firms Ix;hningcr’.s results. An indication of the re- 
prodncihility of the results encountered in the rat 
liver .systems may be obtained from the following: 
K.xpcrimcnl.s with 1.5 normal rat livers from stock 
animals of various ages and both sc.xcs showed an 
avenigc oxygen uptake in 4.5 minutes of 48 + 8 pi. 
Thi.s- corresponds to 72 + 12 per cent of the ihco- 
relical activity jind was checked in several c;ises 
by accloacetalc iinalysis. 

^ FsscnliiiUy similar results were obtained with 
C')S mouse liver systems prepared from animals in 
which lliere was verj- little or no infiltration by 
malignant lymphocytes. In Figure 2 are presented 
the resull.s of a typical c.vperiment with a non- 
Icuwmic (or prc-leuccniic) C.5S animal. Simil.ar 
activities were encountered with the livers from 
mice of other strains (C.57 black and Zr).‘ The 
average oxygen ni)takc for two C57 animals and 
one Zr animal studied according to these e.xacL 
conditions was ,58 i 7 pi. in 4.5 minutes. 

It .should be ompbasiml at this point that a 
nuijor factor involved in the reproducihilily of re- 

' "The aulliors to tli.vnk Dr. llpmi.nn B. Ch.isc. of the 
I cpirtmcnl of Biologj-. Brown rnivt rsily. Providence, Rhode 
1'1,'ind, for tile Co7 .md Zr mice iisesl in this work. 


suits appears to be homogenization with a rather 
loo.sc-fitling homogenizer for short periods of time. 
We adopted a rigid lime schedule of operations in 
handling the livers. Wicnevcr a system of low ac- 
tivity was encountered, a normal rat liver was 
tested with the same reagents in order to make 
sure that all solutions were properly constituted. 

In Figure 3 arc shown the results of an experi- 
ment with a severely infiltrated C58 mouse liver. 
In this case there was substantially no fatly acid 
o.xidase activity. Other Icucemic animals showed 
intermediate levels of oxidase .activity. 

In Figure 4 are presented data from experiments 
designed to examine the relation between oxygen 
uptake and ocLanoatc concentration in the ciise of 
three C58 mice: one a non-leucemic animal and the 
other two decidedly leucemic. It is apparent from 
these and similar experiments that O.OOl M oc- 
tanoate is a favorable concentration for a compari- 
son between non-infiltrated and infiltrated livers. 
It was not possible to obtain reliable estimates of 
the Michaelis constant in the ease of severely in- 
filtrated mouse livers. 

The results of fatty acid oxidase studies on thir- 
ty-two C.58 mice are summarized in Table 1. In 
this table are included data from experiments with 

2CHoC0CHgC00H-h 2HsO 

washed. malonate-inhiI)ited systems only. Sub- 
stantially similar results were obtained with whole 
homogenates. The per cent conversion of octano- 
ate to aceloacelatc was calculated from the oxy- 
gen uptake after 35 minutes in each case, at which 
lime the sj'stems had practically stopped absorb- 
ing o.xygen. The mouse numbers are those of Mac- 
Dowcll. 

Tile per cent infiltration values must be regard- 
ed as estimates only. Two randomly selected pieces 
of liver from each animal were removed when the 
animal was sacrificed. These were fixed in alcohol- 
formalin-acelic acid, imbedded in paraffin, sec- 
tioned and stained with eosin-hcmolo.xylin.* The 
sections were evaluated using Chalkley’s (12) tech- 
nique: We have as a rule examined 20 fields using 
an ocular equipped with .5 pointers, and have 
found that the results are sufficiently accurate for 
our purposes, and quite well reproduced in inde- 
pendent counts made by different obserx-ers. In 
Ibis xvay the numbers recorded in Table 1 were ob- 
tained. We feel that xve have arrived at reasonable 
approximations of the extent of infiltration, even 
Ibough in some animals the infiltration xx'as rather 
.spotty. 

- The authors -oi-h to thank Dr. Ehlon D. Nielson and I'r- 
.'uLa Irish for valuable assisLance u'ith the liistological work. 
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lliere is a good correlation of spleen size with 
the severity of the leucemic state of CSS animals 
(Table I), We have weighed the spleens in evei^^ 
case and considered spleens weighing less than 0.2 
gni, to be normal or pre-leucemic. As described by 
MacDowell, the leucemic CSS animal frequently 
exliibits spectacular enlargement of liver, thymus, 
spleen and lymph nodes. In a few cases fatty livers 
were found, and in all of these cases fatty acid oxi- 



Fig. 3. — O.sidation of Octanoate by Leiiccmic C58 Mouse 
Liver Homogenate (Washed, Malonate-inhibited). Mouse 
jf79809. Per Cent Infiltration of Liver = 33. Tlieorctical 
Oxygen Uptake = 67.2 nl. Temperature = 25° C. Flask 
Components and Reaction Conditions: 

0.10 ml. 0.025 M NajHPO, (pH = 7.5) 

0.10 nil. 0.083 if sodium maionate 

0.10 ml. 0.018 M MgSOi 

0.10 ml. 1 X 10“^ il cytochrome c 

0.15 ml. 0.022 M NajATP 

0.25 ml. washed liver homogenate (See text) 

0.20 ml. 10 per cent KOH in center well 
0.20 ml. sodium octanoate (pH = 7.5) of appropriate con- 
centration or 0.20 ml. H;0 in side-arm 

dase activity was vety low. A few of the leucemic 
animals were severely emaciated with almost com- 
plete loss of body fat. Several of these animals 
showed fatty livers. The majority of the leucemic 
animals possessed reasonably active appetites at 
the time of sacrifice, so that our results cannot be 
ascribed to inanition (20). 

From the results in Table 1 we conclude that 
there is often a failure of systems from infiltrated 
livers to attack octanoate. Inspec'.ion of the data 
obtained from 32 animals of varjdng leucemic 
state reveals that 19 of them showed less than 50 
per cent of the theoretical fatty acid oxidase ac- 
tivity. Of these 19, onlj' 5 animals showed malig- 
nant cell infiltrations higher than 10 per cent, and 
13 animals showed less than 20 per cent of tlie the- 


oretical oxidase activity. Of the 13 mice exhibiting 
more than 50 per cent of the theoretical fatly acid 
oxidase activity, 10 fall in the range, 80 to 100 per 
cent activity, and of these only one (8 per cent in- 
filtration) showed an infiltration by malignant 
cells peater than 3 per cent. Thus it appears that 
certain of these animals show effects of leucemic 
infiltration to a greater extent than others. Some 
of the variability in our results is considered to be 
due to the fact that we were encountering the con- 
sequences of malignant cell invasions of widely 
varying duration. Variations in results from mice 
with low degrees of liver infiltration also suggest 
the possibility that the severity of the leucemic 
state may not always be accurately indicated by 



Fig. 4. — Tile Relation Between Oxygen Uptake and Oe- 
tanoate Concentration in Washed, IMalonate-inhibited CSS 
Alouse Liver Homogenates. Mouse /94049, Per Cent Infiltra- 
tion ot Liver = 0; Mouse #93900, Per Cent Infiltration = 5.0; 
Mouse #92703, Per Cent Infiltration = 5.0. Theoretical Oxy- 
gen Uptake corresponding to 0.001 M. Octanoate = 67.2 pi. 
Temperature = 25° C. Flask Components and Reaction Con- 
ditions: 

0.10 ml. 0.025 il Na-HPOj (pH = 7.5) 

0.10 ml. 0.083 il sodium maionate 

0.10 ml. 0.018 il MgSOj 

0.10 ml. 1 X 10~‘ il cytochrome c. 

0.15 ml. 0.022 M XajATP 

0.25 ml. washed liver homogenate (See text) 

0.20 ml. 10 per cent KOH in center well 
0.20 ml. sodium octanoate (pH = 7.5) of appropriate con- 
centration or 0.20 ml. H;0 in side-arm 

the extent of malignant cell invasion. In the case 
of No. 82646 a low infiltration was associtited u itli 
a large spleen. Animals 93501, 79365, 93529 and 
75779 showed somewhat enlarged spleens, but 
small amount of infiltration and substantitiiiy nor- 
mal fatty acid oxidase activity. The significance of 
the grossly fatty livers encountered in several ani- 
mals is not understood. 
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i)i>rissioN 

Since fally ariii oxidase arlivily is known to be 
a-'ociatial willt (lie scdimcnliiifl particles in a liver 
iioiiiofrcnalc (21. 25), it seemed of interest to com- 
pare systems iiomo^'etiized in Krebs-Ringcr plios- 
p!iat<- with those homogenized in hypertonic 0.8S 
.1/ siiero^e. which inefliiim tends to preserve par- 
lieiiiate slrnelnre. No dilTcrcncc in fatty acid oxi- 
dase performance was observed in the case of a 
severely inhlt rated mouse liver when it waslioino- 
peni7<-d in either medium. Potter (2.*)) has shown 
that homogenization of rat liver in hypotonic 
medinm leads to loss of fatly acid oxidase activity. 
'Phis loss may be considcretl to l)C associated with 
the disorganization of certain .subcciiular elements. 
I’oller (21) has suggested that the “cytolysis quo- 
tient" is an index to the integrity of certain intra- 
r-cllnlar entities. The term, “cytochrome quo- 
tient," might be applied to suggest the pos.sibilitj’ 
that homogenizing in hypotonic medium leads to 
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(he dissociation of cytochrome from certain pro- 
tein .surfaces. In onr studies homogenization of 
livers from a scries of mice of varying Icuccmic 
slate showed no change of “cytochrome quotient 
as a function of degree of infiltration (10). Accord- 
ingly our fatty acid oxidase rc.snlts arc not readily 
explained on the basis of fragility of intra-ccllular 
elements, but seem to suggest an actual deficiency 
of enzymatic surface. 

In a few experiments with C.IS mice a-keto- 
glularatc and adenylic acid were substituted for 
-VrP (4). Similar results with infiltrated Ih'ers 
Averc obtained when this modification was em- 
ployed. 

in one e.xpcriincnt equal amounts of washed 
normal mouse liver (Zr strain) and of highly in- 
filtrated C.58 mouse liver were used in an attempt 
to delect anj* possible inhiijitor effect. No such ef- 
fect was observed. The Zr mouse INer .sj*stem and 
the mixed .system showed a near-quantitative con- 
version of octanoalc to acetoacctate, but the C.58 
Icuccmic mouse lir'cr system was almost wholly in- 
active. 

An additional point needs to be made. Since wc 
arc studying the enzymatic activity of liver “sys- 
tems" of variable malignant lymphocyte content, 
wc may get a [licturc of some of the enzymatic 
capabilities of lymphocytes in cases of severe in- 
filtration. However, in those cases where the infil- 
tration is low, it is onr opinion that wc arc dealing 
with lowered activity of the liver cells them- 
selves. 

How far these results may be considered to bear 
upon the situation existing in the intact animals is 
difficult to state. We feel that the best interpreta- 
tion of the data at pre.sent is Irased upon the con- 
cept of a competition for metabolites in an invaded 
organ between the rapidly multiplying malignant 
b'mphocytes and the liver cells. This competition 
fa\-ors the lymphocytes, in part because of their 
concentration around the periphery of blood ves- 
sels. The net result is a deficiency of cerLain intra- 
cellular proteins (enzymes). In support of this 
idea is the fact that our studies showed in several 
ca.ses a sharp loss of fatty acid oxida.se actiA'ity in 
livers which 77-erc infiltrated to only a small extent 
(less than 10 per cent). 

SUM.MARY 

1. 1 he oxidation of octanoalc in normal rat lis*- 
er .and in C .58 mou.se liver homogcnale.s has been 
studied. 

2. Data from thirty-two C.58 animals of van*- 
iiig Icuccmic state have been presented. Nineteen 
of the.=c animals .showed fatty .-.cid oxida.se aetiv- 
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ities less than 50 per cent of the theoretical. Thir- 
teen of these 19 animals yielded homogenates ex- 
hibiting less than 20 per cent of the calculated ac- 
tivity. 

3. A discussion of possible implications of these 
results is presented. 
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Free Amino Acids in Normal and Neoplastic Tissues 
of Mice as Studied by Paper Chrornatography''t 
Eugfnk Roberts an'o Sam Frankel 
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(llianp-s found in llio free amino acid conlcnl of 
rpidcnni.s iindcrgoinpcarcinoRcncsis as dclcrniiiictl 
hy t«o-<limcnsionaI paper cliromalograpliy liave 
Itcen n'])orlcd n-cenlly from litis Ijiiioraloty' (1). 
The pn'senl paper tleais witli Lite delcnninalion of 
the patterns of free amino iicids in a variety of 
mnnse Inmors, comparing the neoplasms in as 
many eases as jiossiiile wilh llte normal homolo- 
goii.s tissues, ('omj)arisons were made of nm.scle 
with rhahilomyosurcoma, liver with hepatoma, 
epiflermis wilh .sqiiamons cell carcinoma, and 
lymph Jiofic.*' wilh lymphosarcoma. In addition, 
chromalognims were matle of c.xtracls of te.slcs and 
inler.stilhd cell Itimor of the testes. No direct com- 
jtarison is jtossihle in the latter ca.se hecausc only a 
small portion of the cells of the testes i.s of the in- 
terstitial type, t'anijiles of a mimltcr of other tu- 
mors were also examined for which no suitable 
comjKirison could be made with ;i normal ti.s.suc. 
The resuU.s obtained for a large number of normal 
tissues not <lisens.sed herein will be rejiorted .sepa- 
nitcly. 

MATEltlAl-S ANT) AlliTHODS 

The fmiispl.nnlahlc Jyni[ilios,arconia and interstitial 
cell tumors tif the testes whieh were carried in Fi hy- 
tirid mice of CAT T X Cll-Ao' .and C.^II 3 9 X AcT, re- 
spectively. were fiiniislied hy Dr. tV. U. (Jardner of 
Y.alc. .'^.'implcs of a raiu’diy growing transplantable 
hep.itonia in the leaden .strain were received from the 
.t.aekson Menioria! L-ihoratoric.s and a fransplanlablc 
rlial><loniys.nrcoma in the C.‘JH strain was ohtaine<l from 
Dr. ITiralK'fh Green of the Instilnlc for Cancer Ilc- 
senrrh in l’h!Ia<!e!phia. Sareoma ISO in Canvorlli Farms 
CFW male mice, sareoma T •241 in C.iT hlack male mice, 
and ttnnor MA AST iti .\Kni m.ale mice were fumishe<l 
Iiy Dr. .t. liiesele of tlie Sloan-Kcttering InsUliile, Sam- 
ple' of .sareoina :!T were ohlained from Dr. Virginia 
Downing of tlie Nation.i) C.anecr In'tiliile and Dr. F. 
Jatsdis of St. Dwii' Fnivcr'ity. Transplantable sqna- 
mou' relJ careinom.Ts e.arried in .*^wis' mice in this !al>o- 

■ .v.io! Iw jrr.sa*,' from the F. c. Puhhe Health Service .and 
th- ("i'.srl-s K. Ket.enne Found.ati<ta. 

< t’rrvr.'.fsi s', ti e piO, Meetir.c of tlie Aine.dran 
t.' s for t'sv'Tr Uevarrl.'. l>rtro';!. April IT. IflJ?. 


ratory (2) and spontaneous mammary carcinomas aris- 
ing in Swi.s.s female mice in our colony were also studied. 

Detcrniinalious were made by the tvvo-dimensionnl 
chromatographic method (3, 4, 5). Samples were pre- 
pare*! willi and without HjO;. Treatment with H;0; is 
necessary for the detection of cystine as cysteic acid and 
methionine ns methionine sulfonc. Alany of the chroma- 
tograms were run in duplicate or triplicate, aliquots of 
the .same .sample invariably showing the same patterns. 
DifTcrent preparations of an organ from animals of a 
given species cxliibitcd remarkable constancy in the 
proportions of free amino acids, 

Frc.sh tissues, freed of visibly detectable necrotic 
material, wore weighed rapidly on a torsion balance 
after c.vcision and immediately placed in ethyl alcohol, 
the final concentration of alcohol ranging between 70 
and 73 per cent. No diffcrcnce.s were observed when tlie 
tissues were frozen in dry ice immediately after removal. 
The material was lioinogcnizcd in a ground-glass homo- 
genizer, centrifuged, and the .supernatant fluid wa.s de- 
canted and cvaporalcfl to dryness. The residue was then 
thoroughly extracted witli distilled water (1 ml. per 
gm. of frc.sh weight of tissue). .-Vliquots corre.sponding to 
T.T mg. of fre.sli weight of tissue were placed on paper for 
chromalogniphy. llc.sult.s identical with those previoii.s- 
ly reported for extract.s of rapidly dried samples of epi- 
dermis and squamous cell carcinoma (1) were obtained 
when the above procedure wa.s applied to these tissues. 
It was found that dialysalcs, obtained 'ndien homogc- 
iiales of heat-coagulated tissues were equilibrated with 
a .small quantity of distilled water in a rocking dialyzer 
(0). gave the .same patterns as did the alcoholic c.xtract,s. 
The latter method is preferable when an estimation of 
the amino acids present in peptide or polypeptide form 
is desired, since small amount.' of alcoliol-sohiliic pro- 
teins wjiich do not interfere with the satisfactory resolu- 
tion of amino acids on the chromatograms would give 
significant «iuanVitics of amino acids after acid or alka- 
line hydrolysis. 

The amino acids were identified by their relative posi- 
tions on the paper squ.arc and by compari.son with a ref- 
erence chromatogram prepare*! hy Dent {7). The posi- 
fi*>n< of individual amino acids were checkc*! from time 
to lime by the addition of known amino acifl.s to tissue 
e.xtracts prior to ninning tlie chromatograms, .At all 
times the add(>*l amino acids migrate*! to llie c.vpecfc*! 
position'. The failure to fletcct the prc.scnce of an amin*> 
aei*! wa' taken to imlirate tliat the *iuantily of tlieami- 
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no acid present was below the level detectable under the 
conditions employed and not necessarily that the amino 
acid was completely absent from the solution tested. 
Tl»e aliquots used in this study were chosen so that in 
most cases the amino acids occurring in greatest 
amounts did not give spots which were too intense to 
allow a semi-quantitative estimate of the amount 
present. 

EESULTS 

General comment . — A diagram showing the posi- 
tions of the ninhydrin-reactive substances as they 
were distributed on our chromatograms is given 
in Figure 1 . Spot X w'as given bj"- glutathione either 
in pure solution or on addition to a casein digest. 
On treatment of either solution with H 2 O 2 , this spot 
is shifted to position Y. This .spot disappears after 



Fig. 1. — ^Diagram of coiistiUieiits of chromatograms: A, 
phcnylalamiic; B, tyrosine; C, leucine: L>, vaiiiic; E, methio- 
nine sulfonc; G, prolinc: H, histidine; I, hydroxyproline; J, 
alanine; K, threonine; L, taurine; M, j3-alanine or citnillinc; 
N, glutamine; O, glycine; P, serine; Q, arginine; R, lysine; 
S, glutamic acid; T, aspartic acid; U, cysteic acid; V, “oxi- 
dized” glnfathione; W, “undcrglutamic acid”; X, ghitalJiione. 

acid hydrolysis and equivalent quantities of glu- 
tamic acid, glycine, and cysteine appear. Spot W, 
w'hich has been designated “undcrglutamic acid” 
(1), lias been detected in e.xtracts of mouse, human, 
and frog tissues and in plants and bacteria, but not 
in human or mouse plasma. It was found to disap- 
pear on acid hydrolysis. The material correspond- 
ing to this spot was isolated from carcinoma e.x- 
tracts by the one-dimensiona! technique in coi- 
lidine-lutidinc us described by Dent (4), and iised 
by Tislikoff cf al. (8) for the fractionation of liver 
extract. Only glutamic and aspartic acids were 
found as contaminants on subsequent two-dimen- 
sional chromatography of an aliquot of a solution 


of the isolated material. On subsequent ebromatog- 
rapliy of an acid hydrolysate of an identical aliquot 
of the material, the spot corresponding to W was 
found to have disappeared. Spots corresponding to 
glycine, alanine, the leucines, serine, threonine, 
proiine, and cysteic acid appeared, and there ivas 
an increase in the quantity of glutamic acid and a 
possible small increase in the quantity of aspartic 
acid. From these results “undcrglutamic acid” iso- 
lated from squamous cell carcinoma would appear 
to be a polypeptide containing at least 9 or 10 
amino acids. Further studies are being made on 
the isolation, purification, and identification of 
this material from various sources. 

A. high level of taurine was found in extracts of 
all of the mouse tissues examined, both normal and 
neoplastic. Somewhat smaller quantities were 
found in human tissues. Tlie pliysiologicaJ signifi- 
cance of the presence of this substance in large 
quantities in various tissues is not knowm. Dent 
has reported that taurine may be increased in the 
urine in pathological states (7). A decrease in the 
taurine level of mouse epidermis was produced by 
the application of pure benzene (1). The ninhy- 
drin-COs method for the determination of amino 
acids does not determine taurine. Therefore studies 
on tissue extracts employing this method would 
not detect variations in taurine which might be 
important in pathological states and during the 
active uptake of amino acids by a tissue. 

Free amino acids in iuinors and normal homolo- 
gons tissues . — Photographs of tj'pical chromato- 
grams are shown in Figures 2 through 13. The yel- 
low' spot given by proline is difficult to detect on 
the photographs because there is insufficient con- 
trast, but is easily visible on the original chromato- 
grams. The neoplastic tissues were compared w'ith 
the normal homologous tissue from the animals 
bearing the tumor. Patterns of free amino acids in 
non-cancerous tissues of a tumor-bearing mouse 
w'ere not found to be significantly different from 
those in normal controls, when it was possible to 
make tlie comparison in animals of the same age 
and strain. 

Normal mouse epidermis has an extremely high 
content of free amino acids (Fig. 2) (1). This is con- 
sonant W'ith the extremely high level of non-pro- 
tein nitrogen found in this tissue (9). The squa- 
mous cell carcinomas (Fig. 3) show'cd a striking 
decrease in the quantity of detectable constituents 
on the chromatograms in agreement xyith the 
markedly decreased content of non-protein nitro- 
gen (9). The “undcrglutamic acid,” cystine, and 
taurine spots had a greater intensity in the tumor.s 
than in the normal epidermis. Glutamine icll irom 




AM) Fhaxkki. 

;i iiiuli 'll iifiniiiil (■(lidcniii'- 1« a k-vol no! 

in till- tiininr-. Alllioiif;!' 1^"' proliiic 
I, M l fi ll inarla'illy in llu- Iniiior.-;. ca'iily tU'leciahlc 
iinantitic' vmti' '■till prrM'iit. A roinpnrFnn of chro- 
iii.-ilo^rrain*' itiaili' from ‘■(piainon'^ cell carcinomas 
niili iieeriilic inalcrial olilaincd llicrcfrom showed 
ch-arly lliat llie jialtcrn of free amino acids in the 
Piiimr.' could no! rcsnlt from contaminalion with 
nt'cTolic li";nc. 

llolli the iimM'lc and the rhahdomyosarcoina 
(Fif!'. t and .’>) liad high contents of taurine. How- 
ever, the tmnor had si higher content of gluta- 
thione. “underghitamic acid.” glutamic acid, gly- 
cine. alanine, proline, serine, cystine, and llic other 
detcctahie constituents. 

’Pile taurine level was high in hoth the lymph 
iioilcs .and the lymphosarcoma (I'igs. 0 and 7). The 
lymph ikhIcs had .a consiiler.ably higher content 
of a.sparlie acid, .\pproximalely the .same qtianti- 
lies of ghil.athione. “miderglnt.amic acid. ' and 
giiit.amie acid wen' present in hoth tissues. 'Ihc 
lymphosarcoma had a higher level of glycine, 
alanine, serine, prolinc. and cystine. 

The taurine, alanine, and valine levels in the 
liver and hejiatoma (I'igs. 8 and 0) were aj'proxi- 
malely the same, while the glutJimic acid, glycine, 
serine, proline. !is))arlic Jicid. leucine, and cystine 
levels wen* higher in Ihc lumor. On the other liand, 
the ghilJimine level of the hepatoma was lower than 
that of the liver, as was the case in the compari.son 
of Mjuamotis cell carcinoma with its normal hom- 
ologiie. 

Other li-i.rurs. — 'I'he testes (Fig. 10) showed si 
p.'ittiTii of fni' amino acids which dilfered from 
that of the other normal tissues, while the inter- 
stitial cell tiimor (Fig. IV) had Ji dislrihnlion which 
was similar to that shown hy the other tumors c.x- 
amiiu'd. ('hromolograins were made of a number 
of samples of sarcomas ;>7. ISO, and T '241, .spon- 
taneous mauuuarx- carcinoma, and tmnor MA 1587. 
riiotogntphs are shown of chromatograms of .sam- 
ples of sarcoma 1!7 and M.V 1587 (Figs. 12 and 18). 
Then' wi re no major difTen-nccs ohserved between 
tln-'c iieoplasTus and those discussed jireviou.slv, 
Thoe (indincs cjnid'asi/e the similarity of the free 
amino acid distrihniinn in viirioiis neoplastic tis- 
sue'. 

An examination of the (ihologniidis of thcchro- 
niatocnims shows cle.irly that the neoplastic lis- 
sue» lend to ajiproach the >ame paftem of free 
.amino ;ici<i» wlielher they arose origijially from a 
tiv^m- which had a high content of free ;iminn :iculs, 
such as cin'deniiis. or a tissue n-lat ivdy low in these 
coastitiutils ...nch as jmiscle. It is apjiarent that 
e.irh (if the imnn.al tissues has .a char;iclcrL<lic di.s- 


Frrr Amino Jcuh- iii Tissues 

Iribntion of free amino acids which is dillcrenl 
from that of the other normal tlssnes. while the 
patterns of the tumors are similar in n\ost rcspcct.s 
to each other. 

di.8Cl:.s.sio.x 

The finding that there i.s a .similar itallern of 
free amino acids in nco])iaslic lissue.s is consislenl 
with the previously rcporlcd similarity in cn'/.yme 
constitution (10) and vitamin content (11). atid 
supporl.s the hyj)olhesis that the metabolism of 
malignant tumors approaches a common type. 
Tlic work of Gale witli hacleria (12) and Christen- 
sen will) animal tissnc.s (115 to 17) lia.s proven con- 
clusively that ihc uptake of ;imino acids by living 
cells is a highly selective process and is dependent 
on an cx])cnditurc of cnergv- by the cell. Christen- 
sen (17) has recently shown that Ihe maintenance 
of a higher concentration of amino acids in the cell 
than in llie inedimn also requires energj'. Tlie 
ahove-nienlioiied ex'pcrimenls do not c.xclude the 
possibility th.'it the free amino acids normally 
[rrc.scnl in the cells may come, at least in piirl, from 
.sA'nthcsis or from the breakdown of larger mole- 
cules such as polypeptides or ])rolcins. 

The numerous jrroblems suggested to tis by the 
present study arc now under active invc.sligation 
in this laboratory'. 

.SUJBLVKY 

Patterns of free amino acids determined by Iwo- 
ilimcnsiona! paper chromatography were studied 
in a variety of nrouse tumors, coinjjaring the neo- 
plasms in several cases with the norma! homologous 
tissues. It was found tluit each normal li.ssnc ex- 
amined had a distribution of free amino acids 
characlcristic for that ti.ssiic. while all of the tu- 
mors, regardless of derivation or source, showed 
very .similar patterns. 
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Figs. 2 to 13. — Peroxide-treated extracts of tissues. Aliquots corresponding to 75 mg. of fresh rreight of tissue were 
employed in each case. 
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Factors Affecting the Distribution of Tumor Metastases 
Experiments with V2 Carcinoma of Rabbits 

Dale Rex Coman, M.D., Richard B. Eisenberg, M.D., and 
Morton McCutcheon, M.D. 

(from ike Dcparlmcnt of Paihalogy, Uniters^iiy of Pcnnsijlra/iia School of Medicine, Philadelphia 4, Pcnnsijleama) 


In the study of tumor metastasis, a major prob- 
lem is to account for the distribution of secondary 
tumors in different anatomic locations, and espe- 
cially for the scarcity of metastases in certain or- 
gans, notably in the spleen and in the muscles. 

One explanation that has been advanced is that 
some organs may afford ca less favorable environ- 
ment for the growth of embolizing tumor cells than 
do others. Thus Paget (1), in 1889, likened tumor 
emboli to “seeds” falling in “soils” of different 
degrees of fertility, and this concept of the “suita- 
bility of the soil” as favoring or inhibiting the es- 
tablishment of tumor emboli and their develop- 
ment into secondary tumors has been accepted bj”^ 
many writers (2). By “soil” is meant the various 
chemical and physical factors that may differ from 
one part of the body to another. Thus in voluntary 
muscle it is conceivable that production of lactic 
acid or mechanical stress might be unfavorable to 
survival and growth of embolizing cells. 

Another possible explanation is that metastases 
may fail to appear in certain organs because tumor 
emboli fail to reach them. 

The present investigation was designed to test 
the validity of this hypothesis, which we may ex- 
press as follows: tumor metastasis will develop in 
any organ that receives viable tumor emboli in suf- 
ficient numbers, so that scarcity of metastases in 
an organ is explainable by scarcity of emboli. This 
hypothesis may readily be tested by injecting can- 
cer cells into the arterial blood supply of the organ. 
If, in consequence, metastases regularly develop 
there, the hypothesis of organ susceptibility or 
suitable “soil” would, at least for the tumor and 
species studied, be unnecessarJ^ 

MATERLVL .AND IMETHODS 
The tumor used in these experiments was a 
squamous cell carcinoma of rabbits, the V* carcin- 
oma derived from the Shope virus papilloma. 


This tumor is readily maintained in domestic rab- 
bits; it metastasizes regularly to adjacent lymph 
nodes, occasionally to the lungs, rarely elsewhere, 
in this behavior resembling squamous cell carcin- 
oma in man. 

Cancer cells were prepared for injection by pass- 
ing viable portions of tumor through a fine mesh 
metal sieve and suspending the cells in 5 volumes 
of saline (Gey's solution); 0.3 to 1.0 cc. of this sus- 
pension was injected intravascularly in rabbits. 

RESULTS 

Ivim-aricrial injeeiions . — ^Since skeletal muscles 
are seldom the seat of spontaneous metastases, 
embolism to these organs, if it should regularly re- 
sult in the development of metastases, would give 
strong support to the hypothesis being tested. Ac- 
cordingly, a tumor cell suspension was injected 
into the femoral artery. In each of 8 rabbits at the 
time of sacrifice, 65 to 86 days later, there was 
found extensive infiltration of the leg muscles with 
confluent masses of neoplasm (Fig. 1). Evidently 
cancer cells, providing they are able to reach 
muscle, have no difficulty in establishing metas- 
tases there. In other words, there is no indication 
that muscle provides an unfavorable “soil.” 

Injections into the left side of the heart . — In order 
further to test the hypothesis that metastases will 
develop in any organ receiving an adequate num- 
ber of tumor emboli, a suspension of tumor cells 
was injected into the left side of the heart. Cancer 
cells should in consequence be carried to all organs 
and metastases should appear everj^where. That 
is approximately what happened. In Table 1 is 
shown the distribution of metostases by organs. 
It is interesting to observe that muscles, skin, 
myocardium, and lungs head the list in frequency. 
In each of 6 rabbits, great numbers of secondary 
tumors appeared in vohmtarj'- muscles and skin, as 
well as in many other organs (Figs. 2 to 3). As 
shown in Figure 3, metastases were frequent in the 
musculature of the trunk. In muscles of the e.x- 
tremitics, secondary tumors were less common and 


* This invcslig.ition w.is supported by a rese.'ircli grant 
from the Division of Research Grants and Fellowships of 
the National Institutes of Health, H.S. Public Health Service. 
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occurred in greater numbers in the proximal than 
in tile distal portions. As to visceral metastases. 
these are shown in Figure 2 in the liver, lungs, 
spleen, intestine, and kidnej's. The histologic ap- 
pearance of a metastatic tumor nodule in muscle 
is shown in Figure 4. 

Thus it has been found that if cancer cells get 
into the left side of the heart they produce metas- 
tases everywhere. And yet, as mentioned earlier, 
this tumor rarely metastasizes spontaneously ex- 
cept to the regional Ijunph nodes and lungs. This 
is true, obviously, because few cancer cells reach 
the left side of the heart, liaving been trapped in 
the lungs. 

hijectiojis into the right side of the heart and into 
the femoral vein . — The question was now asked: 
How efficient are the lungs in preventing tumor 
cells from getting through into the systemic ar- 
teries? 



Fig. 1. — Hind leg of a rabbit shoiving massive infiltration 
of the musculature by neoplastic tissue follon ing injection of 
a tumor cell suspension into the femoral artery. 


TABLE 1 

Distribution of Metastases in c Babbits 
Inoculated with Tumor Cell Suspen- 
sions INTO THE Left Side of the Heart 

Number of animals 
in which metastases 


Site* were observed 

Musculature fi 

Skin 5 

Myocardium 5 

Lungs 5 

Kidneys 4 

Eve (anterior chamber) 3 

T 2 


Pancreas ~ 

Adrenals 1 

Bowel 1 

Brain 1 

Lymph nodes 1 

Spleen f 

* The skeleton was examined in only one animal and was 
found to contain metastases in several of the long and fkat 
bones. 



Fio. 2. — Viscera of a rabbit following injection of a tumor 
cell suspension into the left side of the heart. Nodules of 
tumor arc seen iu the intc.stine. liver, .spleen, kidneys, lungs, 
and heart. 



Fig. 3.— a rabbit with skin reflected to show numerous 
metastatic nodules in the muscles of the trunk and legs and in 
the subcutaneous tissue, following injection of a tumor cell 
suspension into the left side of the heart. 
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To answer liiis question a hea\y suspension of 
these cells was injected into the femoral vein or the 
rifilit side of the heart. In each of 4 rabbits so in- 
jected and sacrificed from 35 to 40 days later, in- 
mnncrable tumor nodules were found in the lungs 
(Fig. 5) but not a tumor in any other organ. Evi- 
dently the cells of this cancer were unable to pass 
through the lungs, and no secondary' mctaslases 


rived from the Shopc rabbit papilloma. IMien sus- 
pensions of cells from this tumor were injected into 
the femoral artery of rabbits, massive neoplastic 
growths infiltrated the leg muscles, showing that 
skeletal muscles readily support secondary' tumors. 
If tumor cells are injected into the left side of the 
heart, they should be distributed to and produce 
raetastases in all organs. This was verified experi- 



Khj. 4.— Histologic appcariincc of the tumor .i.s seen in a 
metastatic nodule in muscle. Mag. X130. 


arose from the primaiv’ raetastases. It follows that 
when m the presence of a tumor metastasizing to 
the lungs, raetastases do not develop elsewhere, it 
IS because tumor cells do not pass in adequate 
numbers from the lungs into the s>-stemic arteries. 


mentally. Hence scarcity of raetastases in an organ 
is due to scarcity of tumor emboli in the sj’stemic 
arterial blood, as the result of screening by the 
lungs. Screening of cells of this tumor was found 
to be highly efficient, as injection of cancer cells 
into the femoral vein was followed by a multitude 
of secondarj" tumors in the lungs but not one tu- 
mor was found elsewhere. It is concluded that 
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SOnLUtY 

.Scarcity of tumor raetastases in certain organs 
•such as voluntary' muscles, might be due to low 
tumor susceptibility (unfavorable “soil”) or to 
fadurc of cancer cells to reach these organs. If the 
latter e.xplanation is correct, secondan- tumors 
.^hou d arise in all organs recemng an ‘adequate 
number of cmbohzing tumor cells. This can be 
^comphshed by injecting a suspension of tumor 
wlls into the arterial blood supply of an organ 
ihc tumor employed was the carcinoma de- 


01 a raDDit loliowing injcclion.s of a tumor 
cell suspension into the right side of the heart. 

scarcity of raetastases in an organ is explainable by 
scarcity of tumor cells reaching that organ. Under 
the conditions of these experiments, no organ 
proved to be unfavorable soil. 
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The Carcinogenic Activities of Certain Halogen Derivatives 
of 4-Dimethylaminoazobenzene in the Rat* 


J. A. Miller, Ph.D., R. W. Sapp, M.S., and E. C. Miller, Ph.D. 


{F rom the McArdle Memorial Laboraiory» Medical S 

Previous studies from this laboratory (17, 19) 
have demonstrated that methyl, chloro, or nitro 
groups in the 2', S', or 4' positions of the hepatic 
carcinogen, 4-dimethylaminoazobenzene, pro- 
duced parallel alterations in the carcinogenicity of 
this dye. In each series the 4'-isomer was the least 
active and the S'-isomer was the most active. Fur- 
thermore, except for the very high activity of the 
S'-methyl derivative, the activities of the various 
derivatives with substituents in any one position 

TABLE 1 

ANALYSKS on the PREVIOUSLY' UNDE- 
SCHIBED AMINOAZO DYES 


Per cent N (Doius)* 


Derivatives of 4-dimethyI- 
aminoazobenzene: 

M,P. 

°C. 

(coRn.) 

Found 

T&e- 

ORFT- 

ICAL 

2'-fluoro- 

110. 0-111,5 

17,10,17.08 

17.27 

3'-fluoro- 

123,0-124.0 

17.50, 17.00 

f< 

4'-fluoro- 

153. 5-154. 5 

17.29,17.41 

u 

2'-trifluoroniethyl- 

118.0-119.0 

14,16, 14.30 

14.33 

3'-trifluoromethyl- 

77.0- 79.0 

14.43, 14.77 

U 

4'-trifluoromethyl- 

173.0-173.5 

14.31,14,33 


2',S'-dichloro- 

129.0-130.0 

14.42, 14.67 

14.29 

2',4',6'-trichloro- 

144.0-145.0 

12.20, 12.49 

12.79 

2',3-Dimethyl-4-inono- 

methylaminoazoben- 

zene 

83.5- 84.5 

17.84,17,98 

17. 5C 

4-Formylmonomethyl- 

aminoazobenzene 

110.5-111,5 

17.94, 17.97 

u 


* These determinations were made by the Clark Microanab’tical Labora- 
tory, 104i West Main Street, Urbana, Illinois. 

were Y-ery similar. Apparently the position of the 
group in the molecule had a greater effect on the 
carcinogenicity of the dye than did the , type of 
group inY'olved. 

An interpretation of these results as represent- 
ing the effects per se of the nitro and methyl 
groups on the actiYuties of these dyes in vivo must 
be made with caution since these groups may be 
conY’^erted in vivo to amino and carboxyl groups, 
respecth’^ely. Accordingly we are studying the 
effects of more stable groups on the carcinogenic- 

* This investigation was supported in part by gnants from 
the National Cancer Institute, U.S. Public Health ScrYuce and 
the Jane Coffin Childs jMeniorial Fund for Medical Research. 


\ool, Vnircrsity of Wisconsin, Madison 6, Wisconsin) 

ity of 4-dimethylaminoazobenzene. The present 
paper reports mainly on the activity of this dye 
after substitution in the 2', 3', or 4' positions with 
a) the 0 , p-directing fluoro, F-, group which forms 
the strongest known bond with carbon, and b) the 
highly stable m-directing and ring-deactivating 
trifluoromethyl, CF 3 -, group. The results ob- 
tained with the former compounds bear on the 
problem of whether the occurrence of a benzidine 
rearrangement (4, 11) in the metabolism of ami- 
noazo dyes could be of importance in the induc- 
tion of tumors by these dyes. In addition the 
carcinogenic activities of several other dyes re- 
lated to 4-dimethylaminozaobenzene are recorded. 

METHODS 

Preparation of compounds . — ^All but one of the 
compounds fed in these experiments were prepared 
in this laboratory. The melting points of the com- 
pounds which have been described preY’iously 
agreed well with those in the chemical literature 
and are gb'en in the text. Since several of the com- 
pounds haY'e not been described preY'iously, the 
nitrogen contents and corrected melting points of 
the new compounds are listed in Table 1. For 
these determinations 100 to 200 mg. of each com- 
pound was purified by treating a hot solution in 
benzene with charcoal, passing the cooled solution 
through 6" X 1" column of alumina, and finally 
crystallizing from benzene-petroleum ether (Skelly 
Soh'e B). The melting points of the compounds 
were raised no more than 1 or 2° C. by this 
purification. 

Of the amines required for these syntheses anUinc,' 
dimethylaniline,’ p-fluoroaniline,“ m-trifluorometliylan- 
iline,= 2, 4, G-tribromoaniline,‘ 2, 4, C-trichloroaniline,' 2, 
5-dichloroaniline,* and o-tohiidine' were obtained com- 
mercial! y'. Dr. B. G. Jones of the Eli Lilly Research Lab- 
oratories very generously supplied us with the o-and p- 
trifluoromethylanilines; his SYTitheses of these difficultly 
obtainable amines haY'e been published (10). The 0 - and 

1 Eastman Kodak Company, Rocliester 4, N. Y. 

2 Fluor-Syn Laboratories, llSSNortli YVaterSt., Milwaukee 
2, Wis. 
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;i!-fliioroaniiincs were prepared by the general methods 
o( Schicnianti and Pillarsky (23), but the yields of the 
nitrobenzenediazonium borofluorates used in these 
preparations were increased by following the modifica- 
tions introduced by Starkey (2-1). m-Hydroxydimethyl- 
anilinc was prepared from m-nitroaniline' by mcthyla- 
tion with dimethyl sulfate,' reduction of the nitro 
group with stannous chloride in concentrated HCl, and 
finally replacement of the amino group with a hydroxy 
group (1). 

4-Dimctliylaminoazobenzcne (m.p. 117-118°), 2-hy- 
droxy-4-dinielhylaminoazobenzene (m.p. 163-105°), 

and the fiuoro and trifluororaethyl derivatives of 4-di- 
methylaminoazobenzene were prepared by diazotizing 
f mole of the appropriate primary amine with 1 mole of 
sodium nitrite (25 per cent aqueous solution) in the 
presence of 2.5 moles of hydrochloric acid and about 
30 moles of water at 0 to 3° C. For coupling, the diazo 
.solution was adtled to a cooled (15° C.) 70 per cent 
ethanol solution of 1 mole of the desired tertiary amine 
in the presence of 2.5 moles of anh3'drous sodium ace- 
tate. In the case of the fluoro and trifluoromethylan- 
ilincs it was necessary to heat the acid mixture to dis- 
solve the amine. The fine crystals of amine hydrochlo- 
ride which appeared when the solution was cooled 
rapidly, went slowlj' into solution upon diazotization. 
The trifluoromethyl and 2-hj'droxy derivatives of 4-di- 
mclliylaminoazobenzene were rccrvstallized from eth- 
anol-water mixtures, while 4-dimethylaminoazobenzene 
and its fluoro derivatives were recrystallized from ben- 
zene-petroleum ether mixtures. The yields of the 
recrj’stallized dj'es were approximatel.v 80 per cent of 
theoretical. 

2, 5-Dichloroaniline was diazotized bj' dissolving 
0.1 mole in 50 ml. of 10 N hj’drochloric acid and 210 ml. 
of water, cooling to 10° C., and then adding the sodium 
nitrite solution (0.1 moles) within 30 seconds (22). TJie 
diazo solution and dimcth.vlaniline were then coupled as 
described above to give 2', 5'-dichloro-4-dimeth3’lami- 
noazobenzene. After recrvstallization from benzene and 
petroleum ether the j’ield was 68 per cent of theoret- 
ical. 

Fifty per cent yields of 2', 4', 0'-tribromo-4-dunethj'l- 
aminoazobenzene (m.p. 102-102.5° C.) and 2', 4', 0'- 
trichloro4-dimcth.vlaminoazobenzene were obtained 
the general procedure outlined b.v Saunders (22). One- 
tenth mole of sodium nitrite dissolved in 70 ml. of con- 
centrated sulfuric acid was added .slowlj' to a solution of 
0.1 mole of the halogonated amine in 40 ml. of concen- 
trated sulfuric acid while the temperature was main- 
tained below 20° C. The diazo solution was diluted by 
pouring it slowly into 2 to 3 times its volume of crushed 
ice and water and the mixture was added with efficient 
stirring to 350 ml. of cold 70 per cent ethanol containing 
0.1 mole of dimethj-laniline and 82 gm. of anhj-drous 
sodium acetate. The dyes were recrj’stallized from a 
mixture of benzene and petroleum ether. 

2’, 3-Dlmethyl-4-aminoazobenzene (“o-aminoazotol- 
uene" or “2-amino-5-azotoluene”) obtained commer- 
cially’ was recrj’stallized from ethanol-water to a m.p. 
of 101 to 102 C. 2^ 3-Dimethj’l-t-monomcthj’laraj- 
noazobenzenc was prepared from the diazoamino'deriv- 


ative formed bj’ coupling diazotized o-toluidine with 
iV-methj'l-o-toluidine (19). The diazoamino compound 
was rearranged (19) bj' heating it at 47 to 50 C. for 70 
minutes in the presence of excess iV-methj’!-o-toluidine 
and the hj'drochloride of this amine. The dj’e was pre- 
cipitated as the hj'drochloride which was then decom- 
posed with e.xcess alkali. After recrystallization from 
benzene-petroleum ether the j’ield was 40 per cent of 
theoretical. 

For the preparation of 4-formj'lmonomethj'lamino- 
azobenzene, 4-monomethj'laminoazobenzene (16) was 
refluxed in toluene (15 ml. per gm. of dj'e) for > hour 
with three equivalents of 88 per cent formic acid. The 
toluene was then distilled off slowlj' and, when less than 
half of the toluene remained, a second and identical 
charge of toluene and formic acid was added. After all 
of the toluene had been remov'ed bj' distillation, the 
residue was taken up in ethanol, precipitated bj' the 
addition of water, and finallj' recrj'stallized from eth- 
anol-water. 4-Monomethylaminoazobenzene w'as easilj' 
regenerated from the formj'l derivative bj' acid hj’drolj'- 
sis. The preparations of 4'-nitro-4-dimethj’lammoazo- 
benzene (m.p. 227-229° C.) and 2, 4'-diammo-5-dimetb- 
j'laminobiphenyl Irihydrochloride have been described 
previouslj' (19). 

Method of asuay . — Young adult male albino rats’ 
weighing 160 to 190 gm. were housed in screen-bottom 
cages in groups of 5 to 7 with food and water available 
ad libitum. All of the compounds were fed in a semi- 
sj'nthetic diet (13, diet 3) consisting of crude casein, 12; 
Vital) rice bran concentrate, 2; salts, 4; glucose mono- 
hj'drate (cerelose), 77; and corn oil, 5. After analysis of 
the dietarj' constituents sufficient crj’stalline riboflavin 
was added to bring the total content of the diet to the 
desired level. Tlie rats of the first series (Table 2) re- 
ceived onlj' 1 mg. of riboflavin per kg. of diet for the 
first 8 days. At that time the weight losses were so severe 
that the level was raised to 2 mg. per kg. of diet for the 
remainder of the first series and for the two subsequent 
experiments (Tables 3 and 4). In a fourth series the 
rats fed 4-dimethylaminoazobenzene and one of the 
groups fed the 4'-fluoro derivative received 2 mg. of 
riboflavin per kg. of diet while the diet for the second 
group fed 4'-fluoro-4-dimethylammoazobenzene con- 
tained 10 mg. of riboflavin per kg. 4'-Nitro-4-dimeth- 
j'laminoazobenzene and 2, 4'-diamino-5-dimethylami- 
nobiphenyl trihj'drochloride were added to the diets 
after being ground in a mortar with a small quantitj' of 
glucose; the other compounds were dissolved in the 
com oil of the diet with mild heat. Each rat received 1 
drop of halibut liver oil per month. 

In the first series (Table 2) each compound was fed to 
13 or 14 rats at a level of 2.67 millimoles per kg. of diet 
(equivalent to 0.060 per cent of 4-dimethj'laminoazoben- 
zene). At the end of 3 months the rats fed 4-dimethj'l- 
aminoazobenzene and its 4'-fluoro derivative were ex- 
amined for tumors by laparotomy. Those fed the 4'-flu- 
oro derivative were then transferred to the basal diet 
(no dj'e added) for 2 months, while the other group w'as 
fed 4-dimethylaminoazobenzene for an additional 

’ Holtzman Rat Co., Madison, Ws. 
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month, examined by laparotomy a second time, and 
then fed the basal diet for 2 months. 2', 4', C'-Tribromo-, 
o'-dichloro-, and 4'-nitro-4-dimethylaminoazoben- 
zene were fed for 8 months before the rats were subjected 
to laparotomy and transferred to the basal diet for an 
additional 2 months. Since the rats would not survive 
with continuous feeding of 2', 4', G'-trichloro-4-dimeth- 
ylaminoazobenzene, they were transferred to the basal 
diet for 1 month periods at the end of the fifth and sev- 
enth months of dye-feeding. The total period during 
which the dye was actually ingested was 10 months. 
2', 3-pimethyl-4-aminoazobenzene and its jY-mono- 
methyl derivative were fed continuously for 14 months.^ 

In the second series (Table 3) 2.40 millimoles of 
4-dimethylaminoazobenzene and its three fluoro deriv- 
atives were fed per kg. of diet for 3 months while 2-hy- 
droxy-4-dimethylaminoazobenzene was fed at a level of 
2.G7 millimoles per kg. for 8 months. At the end of the 
dye-feeding periods the livers were examined by lap- 
arotomy, and after 2 months on the basal diet the rats 
were killed for a final tumor count. 

In the third series (Table 4) 4-dimethylaminoazoben- 
zene and its three trifluoromethyl derivatives were at 
first fed at a level of 2.G7 millimoles per kg. Due to the 
poor health of the rats fed the 2'- and 3'-trifluoromethyl- 
derivatives it was necessary after 5 weeks to transfer the 
rats fed 4-dimethylaminoazobenzene and the trifluoro- 
methyl derivatives to the basal diet for 10 days, and 
then feed a reduced level of these four d,yes (2.13 
millimoles per kg.) for the remainder of the experiment. 
After 4-dimethjdaminoazobenzene had been fed for a 
total of 5 months and the trifluoromethyl derivatives 
and 4-formylmonomethylaminoazobenzene (2.G7 milli- 
moles per kg.) for 8 months, the livers were examined by 
laparotomy and the animals maintained on the basal 
diet for 2 months. 2, 4'-Diamino-5-dimethylaminobi- 
phenyl trihydrochloride was fed at the higher level of 
5.34 millimoles per kg. for 10 months. Each group in 
series two and three consisted of 14 rats. 

In the fourth series both 4-dimethylaminoazoben- 
zene and its 4'-fluoro derivative were fed at a level of 
2.40 millimoles per kg. of diet. Three rats from each of 
the groups fed 4-dimethylaminoazobenzene and 4'- 
fluoro-4-dimethylaminoazobenzene in the low riboflavin 
(2 mg. per kg.) diet were killed for hepatic riboflavin 
(2) and protein-bound dye (12, 15) analyses at 1, 2, 3, 4, 
G, 8, 13, and 18 weeks. These analyses were also made on 
the livers of 3 rats fed 4'-fluoro-4-dimethy]aminoazo- 
benzene in the high riboflavin (10 mg. per kg.) diet and 
the basal diet containing low or high levels of riboflavin 
for 3, 8, and 18 weeks. To determine the effect of the 
level of dietary riboflavin on the carcinogencity of 4'- 
fluoro-4-dimethylaminoazobenzene the livers of 17 and 
13 rats fed the dye in the diets containing the low and 
high levels of riboflavin, respectively, were examined bj' 
laparotomy at 13 weeks. They were then fed basal diets 

■I Note added in proof : After these rats had been fed the 
dye for a total of 10 months they were continued on the basal 
diet for 2 more months and then killed. By this time 2', 3-di- 
methyl-4-aminoazobenzene had produced benign hepatomas 
in 2 of the remaining 9 rats; 2 of the 10 rats that had been 
fed the X-methyl derivative developed similar tumors. 


containing the same levels of riboflavin for an addi- 
tional 2 months before being killed for the final tumor 
count. 

After the dyes which had not previously been 
tested for carcinogenic activity were fed for at 
least 2 tveeks in the above experiments the absorp- 
tion of the compounds from the gastrointestinal 
tract was investigated by determining the dye 
content of 24 hour fecal samples. The feces were 
air-dried at 37° C., pow'dered, and extracted with 
acetone in a Soxhlet apparatus for at least 24 
hours. An aliquot of the acetone extract was 
evaporated to dryness in vacno, the residue was 
dissolved in 7 N HCl, and the light absorption of 
this solution was compared with that of a standard 
solution of the compound fed. 

KESULTS 

The results of the three series in which a total 
of 14 aminoazo dyes and one possible non-azo 
metabolite of 4-dimethylaminoazobenzene were 
tested for carcinogenicity are tabulated in Tables 
2 to 4. The tumor incidences of the three control 
groups fed 4-dimethylaminoazobenzene agreed 
well -with those obtained previously (19, 21). The 
other compounds had activities ranging from zero 
to nearly twice that of the reference compound. 

Although the carcinogenicity of 2', S-dimethyl- 
4-aminoazobenzene (“o-aminoazotoluene”) for the 
rat liver has been definitely established (8), no 
tumors'* were obtained in this experiment when it 
Avas fed at a level of 2.67 millimoles per kg. of 
diet for 14 months (Table 2, group 7). Likewise, no 
liver tumors* were found when its iY-methyl deriv- 
ative, 2', 3-dimethyl-4-monomethylaminoazobcn- 
zene (group 8) Avas fed for 14 months at the same 
leAml. HoAveAmr, two of the rats fed the latter com- 
pound had tumors at other sites; one dex^elopcd a 
carcinoma arising from the sebaceous glands near 
the eye after 12 months AS'hile a mixed basal and 
squamous cell carcinoma arising from the ear 
duct AA'as found in a second rat after 14 months.^ 
This ear tumor was similar to those found after 
administration of certain amines such as 2-ace- 
tjdaminofluorene (26), certain heterocyclic ana- 
logues of the latter compound (14), and the 4- 
aminostilbenes (7). 

The polyhalogen deriA^atiA^es 2', 4,' d'-tribromo-, 
2', 4', 6'-tricholoro-, and 2', 5''-dichIoro-4-dimeth- 
ylaminoazobenzene (Table 2, groups 3-5) AA-ere 
all inactix^e ex'en after being fed for 8 to 10 months, 
although the trichloro deriA^atix^e did produce 
mild cirrhosis and cysts in the lix^er after being 

‘ We are indebted to Drs. H. P. Busch and .T. M. Pnee for 
the histological examinations of the tumors reported in tins 
paper. 
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fr(i for 8 to 10 months. 4'-Xilro-4-diinethyhimino- 
ii 7 ,o?)eiizcnc (group G) was likewise non-carcino- 
gcnic in these tcsis; this compound was fed to com- 
plete the series of derivatives containing a nitro 
group on the prime ring (19). The inactivity of the 
trihroino and 4''nitro derivatives is of doubtful 
significance, however; in each case approximately 
half of the dye fed was apparently not absorbed 
since it was excreted in the feces unchanged. On 
the other hand no more than 3 per cent of the 2', 
4', 6'-lricholoro-4-dimcthylaminoa!!obenzene and 
less than 1 per cent of the other compounds re- 
ported in this paper were excreted in the feces. 

In the first scries 4'-fluoro-4-dimethylaminoazo- 
henzcnc (group 2) induced liver tumors in 7 of 12 
rats by 3 months while none of the rats fed 4- 
dimclhylaminoazobenzene had gross tumors at 
that lime. Since all other substitutions in the 4' 
position have resulted in compounds considerably 
less active than 4-dimethylaminoazobenzcne (17, 
1.9), it was of interest to feed the 2'- and 3'-fluoro 
derivatives as well. In this series the 4'- and 3'- 


Buoro derivatives (Table 3, groups 10 and 11) ap- 
peared to be equally active and almost twice as 
carcinogenic as 4-din)cthylaminoazobcnzene, 2'- 
F)uoro-4-dimethylaniinoazobenzenc (group 12) 
induced tumors a little faster than 4-dimcthylaini- 
noazobenzene in this experiment, but the differ- 
ence was small. In the same experiment 2-hydrox;\^- 
4-dimcthylarainoazobenzene (group 13), a possi- 
ble metabolite of the parent compound, did not 
produce any tumors or gross liver damage after 
being fed for 8 months; the 2'-, 3'-, and 4'-hydroxj’^ 
derivatives are also non-carcinogenic (19). 

TOiile replacement of a hydrogen on the ben- 
zene ring with a fluorine atom enhanced the activ- 
ity of 4-dimethylaminoazobenzene, replacement of 
the three hydrogens of the methyl groups of 3'- 
and 2'-methyl-4-diraethylaminoazobenzene by flu- 
orine destroyed their activities (Table 4, groups 16 
and 17; cf. Table 5). 4''-TrifluoromethyI-4-dimeth- 
ylaminoazobcnzene (group 15) was likewise in- 
active when fed for 8 months. The rats receiving 
the 2'- and S'-trifluoromethyl derivatives were in 


T.\BLE 2 

The r.\ncixoGENicmE.s of Cert.ux Haujoex DEMv.vrivEs 

OF 4-DiMBTOYLAMINOAZOBEN7.ENE 


Group 


CiqN=N£>N(CH^2 

j^/f.^Trichloro-rt-dimelhylamfioarobenzeng 


8 


Compound fsd 

{2 67mllmofes per kgm. diet) 


On=N<Qn(CH3)2 

4-Dimelhvlominoozobenzene 


fQ>N=N<Qn[CH3)2 
4’Ftuoro*4’difTiethvtominooZ(^enzene 


Br^N=N^N(CH3)2 
|2,'d,d'Thbromo.4-dimethvVmtnoa7cbe n7prp 


^N=N0N{CH3)2 
ig[5-D' Chtoro-4-dimethvtcimino(goben7ene 


02N{3n=nQ>N(CH^ 
j4^itro-4- dmethvtamnoo7obgn7enp 


'N=N(^I>«2 
1^ 3-t>.Teth^4~4-omirKXEoben7nnp 

CH 3 


^Number of rots with tumors over number of 
See fenf 


'Time 

dye 

was 

fed 

nm 


10 


14 


Incidence of liver tumors 


'13 


'12 




1^ 

~I2 


10/ 


'13 




MO 


'12 


MO 


M2 


rots olive of end of feeding dye 


months 

3 4- 6 B 10 I? 14 


MO 


Gross 
cirrhosis 
iof end of 

feeding 

dye 


mild- 

moderote 


moderofe 

severe 


none- 

mild 


none 






TABLE 3 


The Cahcinogenicities of Cbhiaix Moxofluouo 

DeMVATIVES of 4-DjMETHri/AMIXOAZODEXZEXE 


Group 

Compound fed 

Level in 

diet 

millimoles 
per kqm. 

Time 

dye 

wos 

fed 

mos. 


Gross 
cirrhosis 
at end of 
feeding 
dve 

9 

<Qn=N<0N(CH3)2 

4-Dimethvlominoozobenzene 

2.40 

3 


8/ 

/|4 

■ 

■ 

mild 

10 

F<0>N=N^N(CH3)2 

4-FIuoro-4-dimethvlaminoozobenzene 

II 

II 

8/ 

/l3 

12/ 

/l3 

■ 

■ 

mild- 

severe 

■ 

^N=nQ>N(CH3)2 

3-nuoro-4-dimethylaminoazobenzene 

II 

■ 

8/ 

/l3 

\2./ 

/xi 

■ 

■ 

moderate- 

severe 

12 

O^N=N0>N(CH3}2 

2'-nuoro-4-dimethylaminoazobenzene 

1 

II 

If 


m 

■ 

■ 

mild- 

moderate 

13 

HO 

^N=N^N(CH3)2 

2-Hydroxy-4-dimethylaminoazobenzene 

2.67 

8 

■ 

1 

q/ 

/|4 

q/ 

/|4 

none 


Number of rots with tumors over number of rots olive at end of feeding dye 


TABLE i 

The Caucinogenicities of Cehtain TniFBUonoMETHYL 
Derivatives or 4 -Dimethylaminoazobenzene 


Group 

Compound fed 

Level in 
diet 

millimoles 
per kgm. 

Time 

fed 

mos. 

Incidence of liver tumors 

Gross 
cirrhosis 
at end of 

feeding 

compound 

IMIlllllMIIIlQigillHIlH 

14 

<Q>N=N^N(CH3)2 

4- Dirnethylominoozobenzene 

a 

5 

i 

/I3 

■ 

■ 


mild- 

moderote 

15 

4-TrifluoromethYl-4-dimefhvIaminoarobenzene 


8 






none 

16 

^^N=N0>N(CH3)2 

3-Trifluoromethvl-4-dimethvlcminoozobenzene 

1 

■ 



o/ 

/a 

% 


n 

17 

<dSNON(CH3)2 

2-TrifluoromethYi-4-dimethvbminoazobenzene 

II 

ti 



0/ 

79 

0/ 

/9 


H 

18 

4-Formvlmonomefhv)ominoazobenzene 

2.67 

■ 



/ll 



none- 

mild 

19 

2.44)ionfirx>6-diniethylarninobicherrvl 

5.34 

10 



■ 

/ll 

B 

none 


^Number of rots with tumors over number of rots olive at end of feeding compound 
^ The higher level wos fed for the first 5 weeks end the lower level for the remainder of the experiment 
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poor lieallli during llie first month of the experi- 
ment so llmt it was neccssar>' fo feed the basal 
diet for 10 days and llien continue with a reduced 
level of dye. 4-Formyhnonomethylaminoazoben- 
zcnc (group 18), a possible intermediate in the 
formation of 4-monomethy!aminoazobcnzene from 
the dimethyl compound ■in vivo, was much less 
active than either of these compounds. Although 
it was fed for 8 months, the compound induced 
liver tumors in only 4 of 11 rats by 10 months. 
2, 4'-Diamino-.5-dimcthylaminobiphenyl trihydro- 
chloride (group 19), which has been suggested as a 
possible metabolite of 4-dimethylaminoazoben- 
7 , cm (3, 4), did not induce anj’’ liver tumors even 
though it was fed at a level of 5.34 millimoles per 
kg. of diet for 10 months. This confirms an earlier 
lest in which the compound was fed for only 4 
months (19). An adenocarcinoma arising from the 
small intestine was found in one of the sur\"iving 
rats which were killed at 12 months. 

The liver tumors induced by the three fluoro 
dyes and 4-formylmonomethylaminoazobenzcne 
were histologically similar to those induced by 
4-dimethylaminoazobenzcne.® 

Studies on ^'-fluoroA-dimethylaminoazohcnzene. 
— Like 4-dimethylaminoazobcnzene (21) the car- 
cinogenicity of 4'-fluoro-4-dimethylaminoazoben- 
zcnc was markedly altered by the ^ibofla^dn level 
of the diet. Thus when the 4'-{luoro derivative w’as 
fed in a diet containing 2 mg. of riboflavin per kg. 
for 3.5 months, the tumor incidence was 41 per 
cent at ,3.5 months and 82 per cent after 2 months 
on the basal diet. The corresponding incidences for 
the rats fed 10 mg. of riboflavin per kg. of diet 
were 0 and 15 per cent respectively. Further, the 
livers of the rats fed the high level of roboflavin 
showed little or no gross damage while the livers of 
those fed the lower level were moderately cirrhotic. 
In this experiment only one of 1 1 rats fed 4-dimcth- 
ylaminoazobcnzene for 3.5 months had gross 
tumors at that lime. 

The ingestion of either 4-dimethylaminoazo- 
henzene or its 4'-fIuoro derivative in the low 
riboflavin diet decreased the level of hepatic ribo- 
fla%'in from 14.4 figm. per gm. at the beginning of 
the experiment to approximately 11.6 and 10.6 
iipxi. per gm. by 3 and 8 weeks respectively. The 
livers of rats fed the same diet without the dye con- 
tained 12.8 and 17.3 pgm. of riboflavin per gm. at 
3 and 8 weeks respectively. Ingestion of the high 
riboflavin diet increased the level of hepatic 
riboflavin to 17.5 and 18.1 /igm. per gm. for the 
rats fed the basal diet and 14.3 and 15.4 pgm. per 
gm. for those fed 4'-fluoro-4-diraethylaminoazo- 
benzene at 3 and 8 weeks respectively. High 
levels of dietary riboflavin also increase the level 


of hepatic riboflavin w'hich can be maintained 
when cither 4 -dimethylaminoazobcnzene (13) or 
its 3'-mcthyl derivative is fed (6) . 

Like the other dimethylaminoazo dyes which 
have been studied (15) 4'-fluoro-4-dimethylami- 
noazobenzene gave rise to a considerable level of 
protein-bound aminoazo dye in the livmr. In this 
experiment the level of bound dye reached a maxi- 
mum betw^een 3.5 and 4 weeks when either 4-di- 
methyiaminoazobenzene or its 4-'fluoro derivative 
w'as fed in the low riboflavin diet (Fig. 1). After 
the maximum levels were reached, the level of 
bound dye derived from the 4'-fluoro derivative 



W«ks 

Fig. I. — The protein-bound dye-time curves for 4-diinethyl- 
aminoazobenzene and its 4'-fluoro and 4'-inethyl (IS) deriva- 
tives. The relative carcinogenic activities of the dyes are given 
in parentheses. The micromolar level of the bound dye derived 
from 4'-fluoro-4-dimethyIaminoazobenzene was calculated 
from the quantity of steam-distillable amine obtained follow- 
ing reduction with tin and bydrochlotic acid according to the 
general procedure described previously (15). One micromole of 
amine was obtained from a solution of the bound dye which 
had a light absorption (log lo/l) at 520 m/x of 12.0 when dis- 
solved in 4.5 ml. of the hydrochloric acid-ethanol solution. The 
constant for 4-dimethylaminoazobenzene is also 12.0 under 
these conditions (16). 

fell more rapidly thaa that formed from 4-dime th- 
ylarainoazobenzene; a similar sharp drop in the 
level of bound dye after the maximum was found 
when the xery active 3'-methyl-4-dimethylami- 
noazobenzene was fed (15). The levels of bound 
dye in the livers of the rats fed 4'-fluoro-4-dimeth- 
ylaminoazobenzene in the high riboflavin diet 
for 3, 8, or 18 w'ceks were similar to those observed 
when the low riboflatdn diet was fed. The period of 
dye-feeding required before the maximum level of 
protein-bound dye derived from the 4'-fluoro de- 
rivative was obtained fits in reasonably well with 
similar data on the C-monomethyl derivatives of 
4-dimethylaminoazobenzene (15). Thus the bound 
dye-time curve for the verj’ active 3'-methyl deriv- 
ative (activity' = 10-12) reached a maximum after 
2 weeks of dj'e-feeding w’hile the bound dj'e-time 
curves with 4-dimethy’laminoazobenzene (ac- 
tivity* = 6), 2'-methyl-4-dimethylaminoazoben- 
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zene (activity = 2-3), and 4'-niethyl-4-diniethyl- 
aminoazobenzene (aetivitj’’ < 1) reached maxima 
after approximately 4, 8, and <21 -weeks, re- 
spectively. 2-Methyl-4-dimethj'larainoazobenzene 
(activity = 0) and 3-methyl-4-monomethylami- 
noazobenzenc (activity < 1) gave rise to maximum 
bound dye levels after 12 weeks of feeding. 

DISCUSSION 

The data presented above on the activities of 
the halogen-containing derivatives of 4-dimethyl- 
ammoazobenzene have a bearing on the benzi- 
dine-rearrangement hypothesis of Elson and 
Warren (4). These workers found that the urine 
from rats fed azobenzene, a non-carcinogenic com- 
pound, contained a substance which yielded ben- 
zidine or 4, 4'-diaminobiphenyl on treatment 


TABLE 5 

The C.\nciNOGENICITIES of At^nious RtaG-SODSTITOTED 
DerIV.VTIVES of 4-DjMETnYl.AsnNOAZOBENZENE 


fiovtton 

HO- 

4^=N^N(CH3)2 
ft«lolive Activities forisubstitored 

CH^- NOg- Cl- 

F- 

CF^- 

4' 

0 

<1 

0 1-2 

10 

0 

3' 

0 

10-12 

5 5-6 

10 

0 

2' 

0 

2-3 

3 2 

7 

0 

2 

0 

0 




3 


0 





with acid. This substance was assumed to be a 
derivative of hydrazobenzene and it was suggested 
that a rearrangement of this compound to benzi- 
dine might also take place in vivo. Elson and 
Hoch-Ligeti (3) also considered it probable that 
4-dimethylaminoazobenzene undergoes a similar 
rearrangement in vivo to yield 2, 4'-diamino-5-di- 
methylaminobiphenyl. This compound, a substi- 
tuted p-phenylene diamine, was found to be a 
potent enzyme inhibitor (3) and hence might be 
involved in the carcinogenic process induced by 
the parent dye. Since at least one of the -para or 
ortho positions of aromatic hydrazo compounds 
must be unsubstituted for the benzidine rearrange- 
ment to take place (9), the substitution of one or 
more groups in the 2', 4', and 6' positions of 4-di- 
methylaminoazobenzene should prevent, or at 
least hinder, this reaction from occurring in vivo. 
Actually neither 2', 4', 6'-trichloro- or 2', 4', 
6'-tribromo-4-dimethylaminoazobenzene was ac- 
tive. 1111116 the inactivity of the tribromo com- 


pound can be disregarded since no more than half 
of the compound fed was absorbed, the inaclivity 
of the trichloro derivative is negative evidence in 
support of the benzidine hypothesis. On the other 
hand, the very high activities of tlic 4'- and 2'- 
fluoro derivatives constitute positive evidence 
against the hypothesis for the carbon-fluorine 
bonds in these compounds are among the strongest 
known chemical linkages. Since para rearrange- 
ments usually take place with more facility than 
those directed to the ortho positions, it might be e.x- 
pected according to this theory that the 4'-fluoro 
derivative would have a very low activity; instead 
it proved to be more active than the parent dye or 
the 2' derivative. Furthermore, the direct tests of 
the rearrangement product itself for carcinogenic 
activity in the rat liver have so far yielded nega- 
tive results (Table 4, group 19 and (19) ). In any 
case the fact that substitution of the fluorine 
atom into any of the positions on the prime ring of 
4-dimethylaminoazobenzene did not decrease the 
aetivitj’- of this dye encourages one to attempt 
further tests of the benzidine rearrangement 
hypothesis by preparing polyfluoro derivatives 
substituted in such a way that they could not un- 
dergo this rearrangement upon reduetion to the 
corresponding hydrazo compounds. 

The data presented in tliis and previous work 
(17, 19) concerning the effect of substitution in the 
rings of 4-dime tliylaminoazobenzene on its carci- 
nogenicity are summarized in Table 5. It is evi- 
dent that chloro, nitro, and methyl groups act 
alike in producing similar series of compounds of 
graded carcinogenicities. Hydro.xy and trifluoro- 
methyl groups arc also alike in that they destroy 
the ability of the molecule to act as a carcinogen. 
The efltect of the hydroxj' group may be to provide 
a point of attack for metabolic breakdown of the 
dye before it can act carcinogenically. In fact, 
4'-hydro.\y-4-dimeth3daminoazobenzene is formed 
from 4-dimethykminoazobenzenc during its me- 
tabolism by rat liver homogenates (20) and there is 
evidence that demethylated hydroxyazo deriva- 
tives are present in the urine of rats fed the dye 
(18). It is not known how the strongly jn-directing 
and ring-deactivating trifluoromethyl group de- 
stroys the carcinogenic activity of the dye. 
Equally diflicult to explain are the obsen’ations 
that the fluoro group in the 3' and 4' positions in- 
creases the activity of the molecule while the same 
group in the 2^-position did not alter the activity 
of the dye. This is particularly striking in the case 
of the 4'-derivative since other substituents in this 
position either abolish or greatly diminish the ac- 
tivity of 4-dimethylaminoazobenzcne. It is inter- 
esting that the activity of the 4'-fluoro derivative. 



650 


^IiLLEH ci ol, — Deiivdiivcii of ^~DiJuefhyl(iiHi)iO(izobcHZ€}ic^ 


like Ih.'il of tliP parent dye. can he strongly inhib- 
ited by feeding a iiigli level of riboflavin. On the 
other hand, the activity of 3'inethyl-t-dimethyl- 
aininoazobcnzenc. another derivative that is more 
active than the parent dye. is not greatly reduced 
by dietarv- additions of this vitamin (.5). However, 
like the other highly active aminoazo dyes (1.5) the 
aniount of protein-bound dye formed from 4-'-flu- 
oro-4-dimethylaniinoazobcnzene rises to a maxi- 
inmn within I month of dye-feeding and then 
diminishes. This is quite unlike the bound dye- 
time curve of 4'-methyl-4-dimcthy]aminoazobcn- 
zcnc. a verj' weak carcinogen ( (15) and Fig. 1). 

AllUougij it was expected from the data in the 
literature (8) that 2'. .‘l-dimethyl-4-aniinoazoben- 
zene (“o-aminoazotoluene”) would be a verj' 
weak carcinogen under our conditions, the substi- 
tution of a .V-methyl group did not increase its 
activity for rat liver to a nicasural)le c.xtent. 
While this result might not have been expected in 
view of the great increa.se in activity effected by 
the monoincthylation of 4-aniinoazobenzcne (17, 
It), 25) it was knomi that a methyl group in the 
.8 position does diminish strongly the activity of 
4-monomcthylaniinoazobcnzene (19). Similarly, 
the low activity of 4-formylmonomclhylaminoa- 
zobenzene. a possible metabolite of 4-dimcthylami- 
noazobcnzenc. was sur()rising. Evidently the 
.Y-formyl group in this compound is not readily 
removed in vivo to yield the highly active dye, 
4-monomcthylaminoazobcnz.ene. 

While it is difficult to evaluate the importance 
of .steric hindrance in determining the carcinogenic 
activities of the compounds listed in Table 5, 
this factor .should probably receive more atten- 
tion. The “space-filling” properties of the groups 
under discussion appear in many cases to be of as 
much importance as their effects on the electronic 
strucltirc of the whole molecule. These considera- 
tions may apply, for c.xample, to such inactive 
dyes jis 4', G'-trichloro-4-dimethylaminoazo- 
benzenc and the trifluoromcthyl derivatives of 
4-dimethylaminonzobcnzene. 

SU.5LMARY 

1. The carcinogenic acthdtics of 15 halogen and 
other dcriv.atives of the licpatic carcinogen, 
4-<fimelhylaminoazobenzcne, were determined in 
the Rit. Some of these compounds were fed to test 
the hypothesis (Elson and associates) that the 
parent dye undergoes a benzidine rearrangement 
in vivo which is concerned in tire carcinogenic 
process induced by tlie dye. 

2. The substitution of the stable o, p-directing 
fluoro group in the .S' or 4' positions yielded dyes 
winch were nearly twice ns actir'c as 4-dlmethyI- 


aminoazobenzene, rviicreas the 2'-fluoro derivative 
had essentially the same activity as the parent dye. 
The activity of the 4'-fluoro derivative was strong- 
ly inhibited by high levels of dietary riboflavin, 
and the level of protein-bound dye formed in the 
liver from this dye reached a maximum after 1 
month of feeding. 

3. The substitution of the stable wi-directing 
trifluoromcthyl group in the 2'. 3', or 4' positions 
yielded dyes that were inactive even after 8 
months of continued administration. 

4. Two dyes that presumably could not undergo 
the benzidine rearrangement in vivo, 2', 4', 6'-tri- 
bromo- and 2', 4',6'-triclilofo-4-dimethylaminoazo- 
benzene, were inactive, but the tribromo deriva- 
tive was only poorly absorbed from the intestinal 
tract. However, the benzidine rearrangement prod- 
uct of 4-dimethylaminoazobenzene, 2, 4'-diami- 
no-5-dimethylaminobiphenyl. was inactive even 
when fed at a high level for 10 months. In addi- 
tion, the high activities of the 2'- and 4'-fluoro 
derivatives are considered to constitute positive 
evidence against the benzidine rearrangement 
hypothesis. 

5. Two possible metabolites of 4-dimetbylami- 
noazobenzene were tested: 4-formylmonomethyl- 
aminoazobenzene had only a low carcinogenic 
activity and 2-hydroxj'-4-dimethylaminoazoben- 
zene was inactive. The following miscellaneous 
derivatives were inactive under the conditions 
used; 2', 3-dimethyl-4-aminoazobenzene (“o-ami- 
noazotoluene”), 2', 3-dimethyl-4-monomethylami- 
noazobenzene, and 4'-nitro-4-dimethyIaminoazo- 
benzene. 

6. The follon-ing new compounds are described : 
2'-fluoro-, 3'-fluoro-, 4'-fiuoro-, 2'-trifluoromethyI-. 
S'-trifluoromethyl-, 4'-trifluoromethyl-, 2', 4', 6-' 
trichloro-, and 2', 5'-dichloro-4-dimethylamino- 
azobenzene; 2', 3-diraethjd-4-monomcthylamino- 
azobenzeneand4-formylmonomethylaminoazoben- 
zene. 
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Electrophoretic, Nitrogen, Lipide and Enzyme Studies 
of the Plasma and Plasma Fractions in Cancer* 

George H. L. Dillard, H. Rowland Pearsall, and Alfred Chanutin 


{I'rnm the Iliochrmical Lahoratorii, iMicnl School 

Elcclrojiiioreltc and clicinicai studies of the 
plasma and plasma fractions of injured animals 
and diseased humans show marked variations from 
the respective controls (a, 6, 7, 13). Ihc available 
information concerning the detailed changes of 
plasma proteins of patients with cancer is limited. 
This paper is concerned with the electrophoresis 
and chemistrj- of plasma and three plasma protein 
fractions together with data for three typical 
plasma enzymes in a group of patients with various 
lyjies of cancer. 

[METHODS 

The diagnosis for each patient is estaldislicd. The 
diagnoses (or the 3(1 cases studied are as follows; car- 
cinoina of the bronchus, .3, pancreas. .3, prostate, 9, 
stoniach, .7, colon, i, breast, 3, ovary, 1, kidney, 1, 
larynx. 1. hc])ntonia, L myelogenous leukemia, 2, and 
lympboblasloma, .7. These cases arc free of detectable 
inlereurrcnl infection or massive necrosis of tumor tis- 
.sue. The control group con.sisls of 17 heallby young 
men. 

I'nsling samples of blood (.70 ml.) arc drown into 
hejOTTin-moistened syringes and are centrifuged im- 
mediately in Lustcroid tubes. The fractionation of the 
separated plasma is begun within .30 to GO minutes after 
tlic tilood is eollcclctl. 

\ relatively simple procedure for fractionating 
plasma is outlined in Diagram 1. 

DIAGRAAl 1 

I'UACTIOS.CTIQS; ov rUASAl.C' 

Plasma 

Ethanol S^Tc: pH 7.i: V/i 0.01; (.° 

IT 1 

F Supernatant I* 

ethanol 199c; pH ■7.G: 
r/5 0.03G; -.7° 


G Supeniatant G 

ethanol 409fc: pH 4.S; 
T'i 0.03; -.3° 



A SutKMTiatanl A 


, VnirerniliJ of Virginia, Chartoltcsrillc, Virginia) 

1. The plasma (18 ml.) is {idjustcd to pH 7.2 with 
3 to 4 ml. of phosphate buffer (pH 0.4, r/2 0.15). 
Calculated amounts of water are added, the mixture 
cooled to 0 to 1 .0°, and the ethanol concentration ad- 
justed to 8 per cent with 95 per cent etlianol. The 5 X 
diluted plasma is stirred for 2 minutes and fraction F 
is removed by centrifuging at 0 . 

2. Supernatant F is adjusted to pH 5.C with an 
acctate-acctic acid buffer (pH 4.0; r/2 0.8) and suffi- 
cient 95 per cent ethanol is added to give a final con- 
centration of 19 per cent. The final volume is 5,5 X the 
originiil plasma volume. Fraction G is removed by 
centrifuging at —.7°. 

3. Supernatant G is adjusted to pH 4.8 with about 
0.8 ml, of acetate-acctic acid buffer (pH 4 . 0 , r /2 0 . 4 ) 
and sufficient 95 per cent ethanol is added to yield a 
final concentration of 40 per cent. This represents a 
7 X dilution. 

The three fractions are dissolved in 0.85 per cent 
saline and brought to 10 ml. volumes shortly after 
precipitation. 

Aliquots of each fraction are diluted with equal 
amounts of barbiturate-NaOH buffer (pH 8.G, r/2 0.1) 
and dialyzed against 2 liters of this buffer for 3 days in 
the cold. Electrophoresis is carried out in the Tiselius 
apparatus according to Longswortli’s modification of 
the schlicrcn method (11) in a micro cell of 2 ml. 
capacity ,= The ascending patterns are used for analysis 
and no attempt is made to calculate mobilities. 

The plasma and fractions arc analyzed for lipide 
carbon (18), cholesterol (10), and nitrogen. 

* Tliisinvestigation was supported by rcsc.arch grants from 
the National Cancer InsliUilc, H.S. Public Health Service, 
and from the Office of Naval Research. 

•The first step is similar to the procedure for obtaining 
Fraction I in yfclliod Cof Colin etal. (3). Most of the fibrinogen 
is thus removed and avoids the clotting that is occasionally 
observed. The second .step depends on the observation made 
by Cohn and .associates (4) that practically all the globulins are 
precipitated by adjusting dilulerl plasma to pH 5.G and 19 
per cent ethanol at —5°. The conditions for obtaining the 
last fraction arc similar to tliose used in Method G (3) for 
obtaining Fraction V. The nomenclature of plasma protein 
Fractions is stilt confused and must await clarification by such 
workers as those at Haivard who arc intensively studying this 
problem. Consequently, the 3 fractions obtained in this work 
arc named F, G and A as a matter of convenience to indicate 
that fibrinogen, globulin and albumin are present in appreciable 
amounts in each of the respective fractions. 

- Pnrchascit from Pyroccll Mfg. Co., New York City. 
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Alkaline and acid phosphatases are estimated by 
the methods of Binkley, Shank, and Hoagland (2). 
Amylase is determined according to the procedure 
recommended by Andersch (1). The activity of these 
enzymes decreases particularly in the fractions, -when 
stored at temperatures slightly above freezing. Quick- 
freezing of the samples prevents this deterioration and 
therefore all analyses are done immediately, or after 
storage in the frozen state. The nitrogen, lipide carbon, 
cholesterol content, and enzyme activities are expressed 
on the basis of 100 ml. of whole plasma. 

ELECTROPHORETIC ANALYSES OF AtTIOLE 
PLASAIA AND FRACTIONS 



Fio. 1. — The distribution of the protein components of 
plasma and plasma fractions of healthy young men. 


RESULTS 

Typical electrophoretic patterns and the per- 
centage distributions of the protein components 
of the plasma and 3 plasma fractions of healthy 
young men are shown in Figure 1. Fraction F 
contains most of the fibrinogen and small amounts 


of a, P and y globulins. According to Alorrison 
(12), most of these globulins are occluded by 
fibrinogen under the precipitation conditions. 
The greater portion of the p and y globulins of 
the plasma are present in fraction G. The last 
fraction probably contains m lipoprotein, a; 
glycoprotein, the Pi metal combining protein as 
well as most of the plasma albumin. 

The electrophoretic percentage distributions of 
the protein components of the plasma and plasma 
fractions of cancer patients arc shown graphically 
in Figure 2. The most striking changes noted arc 
the consistently low values for albumin in the 
plasma and in fraction A and the increases in 
the fibrinogen of fraction F. 

About 75 per cent of the plasma nitrogen values 
of cancer patients are within the control range 
(Fig. 3). No correlation between the degree of 
cachexia and physical findings and the nitrogen 
concentration of the plasma is possible. About one- 
third of the values for fraction F are elevated. 
No consistently abnormal distribution for the frac- 
tion G values is seen. Approximately 80 per cent 
of the fraction A values are below the control 
range. 

The distributions of lipide carbon and choles- 
terol in plasma and in fraction G are shown in 
Figure 4. Fractions F and A contain small amounts 
of cholesterol. No explanation can be offered for 
the lipide carbon values of the plasma which fall 
outside the control range. Most of the cholesterol 
values of the plasma and fraction G are in the 
lower portion or below the control range. The 
values for the per cent free cholesterol of the 
plasma are elevated in about 40 per cent of the 
patients but are not as marked in fraction G. 
The two highest values of 53 and 75 per cent are 
obtained in two cases of carcinoma of the pancreas 
with common duct obstruction. The remaining 


ELECTROPHORETIC ANALYSES OF WHOLE PLASMA AND FRACTIONS 



Pic 2 —The distribution of the protein components of plasma and plasma fractions 
of cancer patients. The rectangles represent the rc-spective control ranges. 
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cli'Viitcd values cannot he rcialcd to any signs of 
liver damage. 

Data foralkiiline and acid phosphatase and for 
ainyla.'-c in plas?na atid plasma fraclion.s arc shown 
in Figure a. The alkaline plio.sphalasc of the plas- 
ma and fraction A is elevated in ahoiil iiO per cent 
of the cases; a greater proportion of the fraction G 
values are above the control level. It is worthwliilc 
poiiiling out that the activity of the alkaline pho.s- 
phatase of fraction A is consistently greater than 
that of fraction G in each ca.se. 

The highest valuc.s for acid [)hos()hatasc arc en- 
countered in the plasmas of ;j })aticnls with di.s- 
seminated carcinoma of the prostate, ^^'i^cn the 
plasma values are elevated, the enzyme is gen- 
erally increa.sed to about the .same c.vtcnl in frac- 
tions F and A. 

Large variations from the control range arc ob- 
served in the aJnvla.se content of the plasma, 
and fractions G and A. Attempts to account for 
the.se changc.s on the bii.sis of clinical and jjalho- 
logic ob.servjitions jire not successful. 

DISCUSSION 

It i.s generally concluded from cleclropliorclic 
studies of the plasmas of ciinccr patients that the 
changes observed iire usually nonspecific (5), 10, 14. 
la. 17). Fear-sail and ('luinutin (It?) conclude that 
liie degree of alteration in the plasma protein.s ap- 
jiciirs to be dolcrmine<l Ijy the severity of the 
di.se.'i.s'e. Genondly, li.ssue (Icslruction, infection, 
!Uid cache.via iirc iicconi])anied by a decrciisc in 
|)Iasina albumin and usually by iin increase in 


fibrinogen and possibly oilier globulins. The elec- 
trophoretic. nitrogen iuul lipide aiuti.vscs of plasma 
fractions in these cx()erimcnl.s do not aid in dis- 
tinguisliing cancer from other diseases. 

Grccnslcin (S) has pointed out that alkaline 
phosphatase is elevated in mctastascs to bone and 
in lyjuphoid disease. In the present study increases 
in the activity of this enzyme arc observed in all 


PROTEIN' NITROGEN 



FRACTIONS 

1*10. 3. — The distribution of protein nitrogen in the plasma 
and llircc plasma fractions of cancer patients. I'ljc rectangles 
represent the control rnn|»es. 
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cases with bone melastases and in 4 of the 7 cases 
will lymphoid malignancies. Tlie marked changes 
in acid phosphatase are limited to disseminated 
carcinoma of the prostate. The amylase aclmty of 
the plasma and its fractions is too varied for in- 
terpretation. It appears that cachexia is not neces- 
sarily a factor in determining the changes in 
amylase concentration. 

SUMMARY 

Methods are outlined for fractionating small 
volumes of plasma into fibrinogen, globulin, and 
albumin-rich fractions by the low temperature- 
ethanol procedures. 

Electrophoretic, nitrogen, lipide carbon, choles- 
terol and enzyme analyses of the plasma and three 
plasma fractions of 17 healthy young men and of 
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36 patients with carcinoma of the prostate, stom- 
ach, pancreas, bronchus, breast, colon, ovary, and 
larynx; lymphoblastoma, myelogenous leukemia, 
and hepatoma are presented. The electrophoretic 
and nitrogen analyses show: (a) a consistent de- 
crease in albumin, (b) an increase in fibrinogen, 
and (c) few significant changes in the globulin 
components. The changes in the lipides of plasma 
and its fractions are due to cachexia or hepatic 
involvement. The distributions of the alkaline and 
acid phosphatases and amylase of plasma fractions 
are discussed. 

The results presented for the plasma protein 
fractions do not yield information which is of value 
in the diagnosis of cancer. 
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Marl'iirljincatul Hipps (~>) recently reviewed the 
lilenihmMleaiinpwithlheplaMninopen-pla.srnin.an 
aelive proleolylic ensynie and an anliprolcasc 
wliieh are present in plasmas in licallh and dis- 
ease. Satisf.aclorj’ qiiantilalivc data for the plas- 
minopen-i>lasmin relalionsliip and for tlic -spon- 
Ijineotisly active proteolytic enzyme in disease are 
Un^Uvd. AUU<wpU the aulipTOlcasc luis been 
studie<i rather e.vtensivcly, il.s relationship to the 
proteolytic enzj'ines is not well established 

'I’lie active (»rotcolytic enzyme observed in the 
plasmas of diseased individuals has been desig- 
nated chiefly as fibrinolysin and “plasmin.” The 
eharaeferization of this cnzj’nie is inadequately 
defined. Wth a few exceptions (a), the results ob- 
tained for the activities of this proleolylic cnzx'mc 
in lh<‘ plasmas of (lalients cannot be considered as 
<|uantitative. 

Von Dunpent (’2) first .‘illem()tcd to determine 
the trj'psin inhibitor quantitatively in the plasmas 
of (laticnts with osteomyelitis. Subsccpicnlly, 
many observations have been made on antipro- 
tease with fi v.’iriely of procedures. It is gcnenilly 
agreed tliat this inhiltitor is incrca.sed in a large 
variety of diseases {.‘5, -i). Chrislen.sen (1) studied 
the kinetics of the inhibitor-ciy.stallinc lrT.’psin re- 
action and was able to develop a well standardized 
[)rocedun? for determining inhibitor activity. 

This investigation is concerned with the plas- 
min. spontaneously active proteolytic enzj-me and 
antiprotease activities of the pl.asmas of patients 
la) shortly after admission and usually before Iher- 
!ipy is instituted, and (b) at inlcr\".als .after oper.a- 
lion or during therapy. 

EXl’ERDII-XTAL 

Plasma was -sepaniterl by centrifuging the oxa- 
lated blood of fasting subjects. The jrlasnia.s of 
groups were analyzed: (a) healthy male medical 
students: (b) patients with about 20 different 
tyiws of cancer: (ct patients with acute bacterial 
and vinis riiseases ami a variety of chronic dis- 

• piL irier«tismi;r.:i sappr.rte,! },y re..-an-!) crants from 
L- N.itie:,,! ('.nrer In-litiiir. f.-:. t'ul.tic TtMitli .'v-n-icc. 


cases. The diagnosis in each cancer case was con- 
firmed by histologic examination. 

The procedure described by Ratnoff (6) for de- 
termining chloroform activated plasmin was used 
except for the initial buffering of the ca.sein sub- 
strate. Casein was dissolved in 0.8.5 per cent saline 
buffered with M/20 phosphate at pH 7.4. 

The sponbincously active proteolytic cnzjme is 
dc.signalcd as proteolysin in this paper- It is pres- 
ent in the euglobulin precipitate which is obtained 
by diluting plasma 20 times with distilled water, 
adjusting the pH to .5.2 with acetic acid and cen- 
trifuging. The precipitate representing 2 ml. plas- 
ma is dks.solvcd in the buffered saline-phosphate 
and brought to a .5 ml. volume. The activity of a 
2 ml. aliquot is determined after a I hour incuba- 
tion with an equal volume of the buffered casein 
substrate. 

The Irj'psin inhibitor (antiproleasc) is found in 
the euglobulin supernatant. The details of the pro- 
cedure for determining this inhibitor are outlined 
.since they represent modifications of a number of 
methods, particularly those of Christensen. The 
.supernatant is diluted .serially with buffered saline 
at pH 7.4, and 1 ml. aliquots are incubated for 10 
minutes with 1 ml. of a standard .solution conbiin- 
ing 0.02 mg. crj’stallinc trypsin.' At the end of this 
lime 2 ml. of 0..8 per cent buffered ca.scin are added 
.and incubated at 37° C. for 1.5 minutes. Digestion is 
stopped by adding HCl and .sulfo.salicj’lic acid to 
1 ml. of the inhibitor digestion mixture according 
to Ratnoff (0). The turbidity is read in a Klclt- 
Summerson colorimeter. The values for a mini- 
mum of G different dilutions of a plasma are plotted 
.and a sigmoid cun’c is obtained. The inhibition 
unit reprc-sents the amount of a plasma which 
causes a .50 per cent inhibition in the digestion of 
0.8 per cent l)uffered ca-sein by 0.02 mg. crystalline 
trypsin. 

REso/rs 

Mca.suremenLs of the plasmin. proteolysin, and 
trypsin inhibitor in cancer and mi.scellancous di.s- 


’ Worttiingfori Bioclicmicn! Laboratorj' product containing 
.■ippmxim.itcly p»T cent Mp?0,. 
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cases arc shown graphically in Figure 1. These 
patients were studied shortly after admission to 
the hospital. The control ranges represent the 
limits of variation in IG normal subjects. The 
chloroform activated iilasmin values of one half 
of the cancer cases and 37 per cent of the other 
cases arc elevated. The proteolysin values for 30 
of the 33 patients with cancer arc above normal; 
the 3 values within the control range are obta,ined 
in patients with (a) chronic myelogenous leukemia, 
(b) multiple myeloma, and (c) a small squamous 

• CANCER 

o MISCELLANEOUS 


tients showing evidence of tissue destruction or 
inflammation. 

All elevated proteolysin activities are jjlottcd 
against their respective inhibitor values in Figure 
2. In all cases in which both the proteolysin and 
inhibitor values are elevated, well established evi- 
dence of tissue breakdown is present. The normal 
or subnormal inhibition values which arc observed 
in patients with elevated proteolysin activities are 
difficult to interpret. 

The proteolysin and Irjqjsin inhibitor values 
were determined at various intervals after opera- 
tion or after instituting therapy in 30 selected pa- 
tients. The cases arc divided into the following 4 
groups; (a) partial surgical removal of cancerous 
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PLASMAlML.ilO'*)- 60% INHIBITION 

Fig. 2. — A plot of the respective proteolysin and trypsin in- 
hibitor values in plasmas of patients shortly after admission to 
hospital and before therapy. 


PLASMIN PROTEOLYSIN TRYPSIN 

(CHCI3) INHIBITOR 

Fig. 1. — ^Distribution of plasmin, proteolysin and trypsin 
inhibitor in the plasmas of patients shortly after admission to 
hospital and before therapy. Hatched areas represent the con- 
trol ranges. 

cell carcinoma of the lip. In the miscellaneous 
diseases, 26 of the 31 values for proteolysin are 
elevated; the cases in the normal range represent 
non-inflammatorj’^ disorders. The increased pro- 
teolysin activities may be roughly correlated with 
evidence of tumor necrosis or with inflammatory 
processes. The trypsin inhibitor values are ele- 
vated in 76 per cent of the 39 cancer cases and 90 
per cent of the 45 cases of miscellaneous diseases. 
The 4 subnormal values of the cancer group arc 
seen in 2 cases of multiple myeloma, an early case 
of carcinoma of the breast and an early untreated 
case of Hodgkin’s disease. A third patient with 
multiple myeloma has a normal inhibitor value. 
.All elevated inhibitor values are observed in pa- 


tissue; (b) complete surgical removal of the tu- 
mor; (c) pneumonia under penicillin therapy; 
and (d) various chronic diseases. Typical changes 
observed in each group are shown in Figures 3 
and 4. 

Partial removal of tumor tissue docs not affect 
the proteolysin activity during the first 3 weeks 
following surgery. The trypsin inhibitor values 
increase in these cases (Fig. 3). 

The proteolysin activity of the plasma dropped 
to zero within one week after removal of the 
urinarj' bladder in 2 cases of carcinoma of the 
bladder and after excision of an epidernioid carci- 
noma of the buccal mucosa in a third patient 
(Fig. 3). A similar pattern was observed after 
pneumonectomy for bronchiogenic carcinoma. 1 he 
values for the 2 cases with initially elevated in- 
hibitor values are not affected, Tvhilc an initially 

low value is increased after operation. 

The changes in proteolysin and inhibitor m 3 
patients with pneumococcal pneumonia treated 
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•.Mill l errilliii ••in- vhosvn in Fiinire t. It i'^ swn 
lli.il till- prnlcdlyvin (li'-'ipjicar,' (hirini* tlic nfcnnle 
.tayc «iiil<- tlx' inliiitilor oonrcntnition inm'ascs 
(liiridfr llii"' ( dridfl- Oin' palicnl rcrovcrinji from 
(njxufnf>in*‘t fl#*\’i'lojuxi n nml lompcrjitiirc of 
in.r F.f>n Ilic ninth afchrilr flay. iiip'li i)rolcoly.<fin 
arlivily of thf pia'-ina a()i!care(l within K' hour.' 
foliowin;: Ihr f'liill an<l fli'^appcarefi 'Jf iumrs inter 
when the teinjH'nilnre was normal; the tiypsin 
inliihiloreoimmlralion wasnol allccted. 

'J'hc flal.a for ;J patients will) chronic fliscase.s 
.are shown in I'ipmre t. (iv) 'I’he wlenni (HwipiJOircd 
anil a sli^’hl tnice of proteinuria w.as present ‘2 
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weeks after tniisillectoiny in Miss ]) who wa.s ad- 
niittnl with ploinenilonepiirilis; at the (inic of 
improvement, the proleolysin flisa[)()carc(l. hnt 
the inhiiiitor coneenlnition renniincal high, (h) A 
yonng woman ((’) with rhennnitic fever (joint.s) 
showial no clinical iniprovcincnl during salicylate 
adininislnition; holh the proleolysin and the iii- 
hihitor concentrations remained elevated, (c) A 
.">.■» y<>.!r old man till with early miliaiy- tnheroiio- 
vis was tre.ated with streptomycin Jind gradually 
improvtsi linring the 4 w«-k (jeriod of observation: 
the (iroteolvsin activity graiinally decreased and 
w.as no ioncer present at the end of weck.s. hnl 
the inhiliiloreonfvntnition remained elevated. 

i)i.s-cr.<>io.\’ 

Chlorofonn activated plasmin is not a reliable 
ineasnrv for the plasma protease content fl. C). 
•Vllonpts to eorrehite the filasrnin concentnilions 
will) tin- idasjiia iimfease fproteolysin) or with the 
tO’-pin inhi!ii!or:ire nnsnecessfnJ. 

1 he proleolysin and trj’p'in inhihitor values arc 


clevalefl in [iraclically all (nilients with muhg- 
nanej- and in the febrile stjige of disease. Diiring 
the course of frequent studies in itidividiiai j)a- 
licnts. it becomes jipjiarent ih.-it the [irotcolysin is 
!i coiupar*) lively sensitive indicator of tiic cfFcc- 
livenc.ss of tre.-ilment or the jirogress of diswisc. 
'I'he protease content of the plasnni disjipiiciirs 
after successful theratry and remains elevated if 
the patiejil does not respond to surgery or drugs. 
The fletermination of this enzyme may be a useful 
guide for determining the progrc.ss of ii patients 
recovciy'. 

'i'he rajiid increjisc in protcoly.sin concentnition 
probiibly rcficcls the presence of ii tissue product 
which is a stimulant to enzyme formation, or per- 
l)a()s represents an in ciro itetivation of plasmino- 
gen. A fiiirly good correlation between tlic pro- 
tcoly.sin anil elevated lenipcniturc may be ob- 
tained. 'I'he elevated v.-iluc-s observefl in cancer 
ca.ses are probably associated with Itimonr nccro- 
.sis. The removal of the abnormal slimnlns by 
.surgciy’ or therapy is accompiinicd by a rniiid 
di.sappearance of the proleolysin. 



Fig. 4. — Tlie protcolysin ami Irv-pda iiiliil>itor activities in 
plasmas of patients vitli pneumonia and chronic ilisca-cs. 


'J'lic tiypsin inhiiiitor concentration increases 
following acute infections and surgery, but the 
rise is not as rapid as tJnil .seen for protcoly.sin. I'lie 
inhibitor returns to the normal range .slowly. In 
i? patients, one recovering from bronchopneiimo- 
ni;i and another recovering from a .snlrphrenic 
abscess following appendectomy, the inhibitor val- 
ues retunted to the control ningc .“I weeks after 
their temperatures were normal. It appcjirs tlitil 
llii.s inhibitor is as.sociated with the destruction 
and re.solnlion of tissue. 

.si:.m:m,\ry 

'I he activities of choroform activated plasmin. 
.vponlaneousiy active [irofease fproteolysin) ;ind 
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tr3’’psin inliibilor of the plasma of healthy young 
men and of patients with cancer and with a vari- 
ety of acute and chronic diseases were determined. 

Observations made on a group of patients 
shortly after admission to the hospital showed 
elevated values for the proteolysin and trj'psin 
inhibitor in most cases. No relationship between 
plasmin, proteolysin, and inhibitor concentrations 
could be established. 

Periodic analyses of the proteolysin and ti^j'psin 
inhibitor were made on patients (a) after incom- 
plete removal of cancer, (b) after complete re- 
moval of cancer, (c) during recovery from pneu- 
monia, and (d) with a variety of chronic diseases. 
The proteolysin concentration dropped to zero 
soon after complete surgical removal of a cancer, 
and in other cases after successful therapy or sur- 
gery. The tryspin inhibitor remained elevated for 
an appreciable period. 

The appearance of proteolysin in plasma is as- 
sociated with necrosis and with inflammatory 


processes accompanied by elevated temperatures. 
The trj’^psin inhibitor concentration remains ele- 
vated in patients who haA-e been operated on and 
in those whose tissues are undergoing readjust- 
ment to the normal state. 

The significance of the changes noted in the 
plasmas of diseased indiAuduals is discussed. 
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Antigenic Properties of Nuclei Segregated from 
Spleens of Normal and Leukemic Mice* 

Kiustkn AuM:sEN,t Yveite Goldsmith, akd 
Anna Deas DuLANEvt 


(Ernpi tl,r Simn-KrIIrring hiflilulr fnr Caneer UmaTch. Sar Ynrk AVir Vork) 


Vurioiis iirocwliircs luivf hocti (Inscribe*! for Ibc 
M-^n'pvtion of nuclei from uiununaliaii tissues 
fl, i. t5. J. (!)• 'these jnelho<is arc based on a 
niecbanieal bn’ak<lo\vn of the cadis suspended iti 
atpirous solutions of citric acid, with subsecjucnl 
sei)aralioii of tiie nuclei iiv centrifugation al dif- 
fcrenl speeds. 

In our work with mouse spleens we have invc.s- 
tigaled oliier reagents lull so far, wc have nol been 
able to obtain isolated nuclei wiliiout the addition 
of citric !icid. riiy.siologieal saline solution is un- 
satisfactory* since the unbroken cells, nuclei, and 
cyloplasinic gninules agglutinate making il iin- 
(lossibie to .se|)anite these fr.aclions by dilTercnlial 
c'cntrifiigation, I’otassium chloride, of the .same 
molar concentnition as the sorlium chloride, like- 
wise proved unsuitable. 

Various coma’ntrjitions of sucrose have been 
uscrl. ^Ye have fouml that nueleoprotcin is ex- 
Imcted from the nuclei in both H.a per cent (iso- 
tonic) and :!0 percent sucrose solutions. When the 
tissue suspensions were* homogenized initially in 
the sucrose solutions and centrifuged, the .sedi- 
ment was found to lie held in a gel wiiich could be 
dis.solved in molar sorlium chloride .solution. Upon 
subscfjucnt CTUtrifugation and dilution of the 
supcniale to constitute a (1.14 molar SnCl .solu- 
tion, a fibrous precipitate formed. This stained 
with methyl green and was therefore presumed to 
consist of rlesoxyribo-e nncleo()rotein (7). The a<l- 
dition of verj* small amounts of citric acid to the 
sucni'c solution prevented the extniction of nu- 
cleojirotein. as judgcsl by the almvc criterion. 

Ifelatively more citric acid was Rapiircd for the 
isohitinn of nuclei from the leukemic than from tlic 
nonnai t issues. .V concent r:ilion of M , '1.70 toM fliH 

•T!:. .’.ri.fv.rtr.,! l.y pnals from tlic OfTicc of 

N'jva! llcs-srr!! Ihr J.sns'- roiirKi.Uion of New 7'ork. }nc. 

* IL-s rsn- IV!'. t.r 'n - Amf-nfsin-Soriri<i;n.i\-iaii Foomis- 
:v s.!Vrr.-.s-r: t -,,!,!r<.,.: laUiitC.r l'.,!!„.!»-v. Fmve.-sftvof 
N't'r^.5V. 


citric jicid, however, proved satisfactory* for both 
ty|)cs of tis.siic. Furlhcrmorc we have found lhal 
tile citric acid is neces.sarj' only in the first homoge- 
nization process. Free nuclei may then be collected 
in later steps and washed in sucrose solution with- 
out apparent loss of nueleoprotcin. 

The method described here is a modification of 
the jrroccdurc recommended by Bounce (2, ,*), 4) 
which wc have adapted to small amounts of tissue. 
Isotonic sucrose has been substituted for distilled 
water as a diluent for the citric acid, and the same 
concentration of sucrose has been used for all 
washings of the nuclei. 

Prepnration ofXvcIci. — Xuclei were isolated from the 
splcon.s of normal and leukemic mice of the AKm stock. 
The leukemia wa.s a lymphatic strain designated i?ni21 
which was carried by intrapcritoneal transfer of leu- 
kemic spleen tissue. The animals were killed by cervical 
fracture, the spleens removed immediately and cliillcd. 
To one gram portions of tissue were added ,7 ml. of M/ 
1 2.7 citric acid in 8..7 per cent sucrose solution. Each por- 
tion w.as homogenized for 5 minutes. This and all subse- 
cpicnl ))roccdiirc.s were carried out at temperatures 0 to 
.7" C. 

Tiic homogcnatc.s were filtered through gauze and 
centrifuged for 20 minutes at GOO X g. The supemates 
Were di.'^arded and the sediments suspended in an 
amount of 8..7 per cent .sucrose .solution, without citric 
acid, wliich was equal to the original volume. Even .sus- 
pensions were obtained by homogenizing for a few sec- 
onds. Subsequently the preparations were centrifuged 
for 1.7 minutes at GOO X g.. 10 minutes at 200 X g., and 
.7 minufc.s at 100 X g. After each centrifugation the 
sediment.s were re.suspended in the initial volume of 8..7 
percent sucrose .solution, hutwillionl citric acid. Centrif- 
ugation for .7 minutes at 100 X g. %vas repeated until 
the .siipemafcs were clear, or only very sliglilly opaque, 
3n<l rekitively free of cytoplasmic material, as judged l)y 
microscopic examination after s\aining witli .Tanus 
(been it. 

•tftcr the centrifugations were completed, the suspen- 
sions Were allowed to sofiimcnl in narrow cylinders for 
SO minutes. ARhI of the remaining unbroken cells set- 
tled out on the bottom of the cylinder. The up{)er 0.7 
per rent of the preparation was aspirated and tlic .sedi- 
menlalion in the narrow cylinders repeated 2 orG tirne.s. 


GGO 
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^Microscopic examination of tlie final suspensions, 
stained with Janus Green B, indicated that the nuclei 
retained their typical morphologic characteristics and 
in general, were free of cytoplasmic material. However, 
some of tliem showed minute cytoplasmic tags. 

The nuclei were then counted in a haemocytyometer 
and the su.spensions diluted to 1200 million nuclei per 
1 ml. and distributed in ampoules which were stored at 
-20° C. 

The desoxyribose nucleic acid (DNA), pentose nu- 
clei acid (PNA), and nitrogen (N) contents of each of 
these preparations were determined.^ The results are 
given in Table 1. 

TABLE 1 

SHOtYING THE CONTENT OE DNA, PNA AND N IN MGM/ML 
■IS WELL AS THE PNA/DNA RATIO IN THE SUSPENSIONS 
OF NonsiAL AND LEUKEMIC SPLEEN NUCLEI 

Nitno* 

DXA PNA PNA/DNA cek 

Normal nuclei 1.310 0.098 0.07 1.008 

Lcuhemic nuclei 1.24G 0 411 0.33 1.116 

It is apparent that the DNA and N values of 
the normal and leukemic spleen nuclei suspensions 
do not differ significantly. In contrast the PNA of 
tlie leukemic nuclei is more tlian 4 times that of the 
normal. In general, these quantitative differences 
between the PNA values of the normal and leu- 
kemic spleen nuclei are in accordance tvith those 
reported by Petermann, Alfin-Slatcr, and Larack 
for the “nuclear fraction” (8). 

Serologic Stvdies . — The normal and leukemic 
nuclei suspensions were diluted to contain 0.1 mg. 
nitrogen in 1 ml,, and injected intravenously into 
6 rabbits. Six injections of 1 ml. were given to each 
animal at intervals of 2 or 3 days. One week after 
the last injections the rabbits were bled and the 
sera of each group used for serologic tests. 

Complement fixation tests were carried out ac- 
cording to the technique described in a previous 
paper (9). For the tests the nuclei suspensions 
were diluted to a nitrogen content of 0.0055 mg. 
per ml. Thus the nitrogen xmlues of the nuclei 
antigens used for immunizing purposes and in com- 
plement fi.xation tests were the same as those of 
the cytoplasmic fractions, i.e., the M (mitochon- 
dria) and P (submicroscopic particles) (10). This 
was done in an effort to compare the antigenic 
properties of the various cell fractions as stand- 
ardized by nitrogen content. The results of the 
complement fixation tests are given in Table 2. 

As shown in Table 2 the nuclei preparations 
proved to be poor antigens in that they stimulated 
the development of anti-nuclei antibodies of low 

* Tlie nucleic acid analyses were carried out in Dr. M. L. 
Petermann’s laboratory by Miss A. M. Larack. Tlie nitrogen 
analvscs were done in Dr. G. B. Brown’s laboratory by Mr. 
R. C. Funk. Jr. 


titers. No serologic specificity was dcmonstnilcd 
since both the normal and leukemic antisera ex- 
hibited almost identical tilers for the normal and 
Icnkcmic nuclei antigens. Interestingly liolh of the 
anti-nuclei sera gave cross reactions with the 
cytoplasmic fractions from both normal and leu- 
kemic spleen which were of higher order tlian 
those obtained ivilh the nuclei antigens. The titers 
for the cytoplasmic antigens were 2 to 4 times 
those for the nuclei antigens. In contrast the tilers 
of the anti-cytoplasmic sera for the nuclei antigens 
were significantly loiver than those obtained for 
the homologous M and P fractions segregated 
from spleen cells. 

Pollister and Leuchtenberger (11) hax'e recently 
pointed out that considerable amounts of non- 
histone protein and nuclear enzymes arc lost dur- 
ing the procedure of isolating nuclei. We recognize 
the possibility that the antigenic properties of nu- 
clei preparations may be modified during any iso- 
lation process. There is also evidence that micleo- 
proteins per se are poor antigens (12). Maculla (12) 
shows that the antisera to spleen nucleoproteins 
gave substantially higher titers with the homolo- 
gous residue and extract fractions than Yvith the 
nucleoprotein antigens. 

Our data from serological tests therefore sug- 
gest one of the following conclusions : a) Nuclei pre- 

TABLE 2 

Showing the 'fiTEns of the Anti-Seha to the 
Vahious Spleen Cell Fractions for the 
Nuclei and Cytoplasmic antigens 

Cell Fraction Antigens 



Nor- 

ninl 

Leak. 

Nor- 

mal 

Leak. 

Nor- 

mal 

Leak . 

Anti-Si:ka 

nuclei 

nuclei 

mllo. 

luito. 

r-1 

P-1 

Normal nuclei 

40 

40 

ICO 

80 

160 

100 

Leukemic nuclei 

80 

80 

IGO 

100 

320 

320 

Normal mitochon- 

80 

80+ 

640 

040+ 

640 

040 

dria 

Leukemic mito- 

80 

80+ 

040 

1280 

040 

040 

chondri.a 

Normal P-1 

40 

40+ 

80 

160 

80 

100 

Leukemic P-1 

40 

80 

100 

320 

100 

320 


pared according to a modified Dounce method are 
poor antigens as compared with the cytoplasmic 
particles of the same cell, and judged by the titers 
of antibodies elicited; b) The cross reactions ex- 
hibited between the anti-nuclei sera and cytoplas- 
mic fractions, as well as those occurring between 
the anti-jM and anti-P sera and nuclei antigens, are 
cither due to “contaminated antigens” or to shar- 
ing of antigenic components by the cytoplasmic 
and nuclei fractions. By “contaminated antigens” 
we refer to the possible adsorption of nuclear ma- 
terials on the M and P particles during the segre- 
gation process, or of cytoplasmic particles on nu- 



Ahnt^kN" d (il.- -Aidiiiatic Proprrtic.'^ of Xuclri 
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fl. i Tlic jio-'ihilily tlinl llii' niirli-i niiplit carry 
ri rylnplri'mir lay; iiui''! also he consi(len'<h 

\tK<.riilinii of liie aiili-iuiclei seRi wlh milochoii- 
ihia iliil no! jviitiee significantly the titer for these 
,in!ii.‘i MX in xiilixerjin'iit coniplement fixation tests. 
‘I'iiix xni!D'x!s that tlte iniclei were not prossly con- 
!aniin.'ile<i with cytojd.'ismic conslifneiits which 
eoiilil liave exiiiaineil tlie formation of anti-cylo- 
|i!.'ixinie aniiixviiex. Wiiatcver the expianatifm. it is 
•o'iiienl llial tile cyloplasmie elements of liie (vll 
are the (himioanl antiuens. 

Nuclei have heeii ivolaled fnmi spleens of nor- 
mal ami leukemic mice hy use of a modified 
Doimee pnK'ediin>. ’I'liese nuclei are relatively pure 
as jiidyd hy morpliolopic and staininf: criteria. 
Snell nuclei pn'parations are poor antiyns in that 
ven- low titers of antihoiiies to nuclei are produced 
upon innmmi7ation of rahhits. .\ntipcnic specifi- 
city was n<it <lemonslrafed throuf’h use of the coni- 
pli'inent fixation lest. Cross reactions helwcen the 
nuclei and cytoplasmic fractions were demonstrat- 
ed in munplemenl fixation tests, (yloplasmic frac- 
tions from the same sjileen cells were found to he 
superior aiiliyns. 
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A Correlation of Fluorescence of Human Urine 
with Benign and Malignant Growth 

Harold M. Rabinowitz, M.D. 

(F Tom the Research Division, Department of Surgery, Maimonides Hospital, Brooklyn, New York) 


In 1869 Jaffe (1) noted that normal urine ex- 
hibited a blue-green fluorescence on exposure to 
ultraviolet radiation. Subsequently attempts were 
made to investigate the relation between the out- 
put of fluorescent substances and that of other 
urinarj-^ constituents in human urine. In this con- 
nection Squires and Jeffree (2) investigated the 
fluorescence of urine by means of a simple form of 
ultraviolet fluorophotometer. Within certain lim- 
its of dilution, the intensity of fluorescence is pro- 
portional to the concentration of the fluorescent 
substance. Based upon this principle, a series of 
extended observations on eight individuals was 
completed. The results indicated that the daily 
output of fluorescent material was independent of 
the volume of urine excreted and bore no close re- 
lation to that of the familiar urinary constituents. 

The purpose of this communication is to report 
the studies of fluorescent intensity of a blue fluores- 
cent substance and a red fluorescent substance re- 
spectively present in human urine, their relation to 
each other, and their significance in normal, be- 
nign, and malignant growth. Values of fluorescent 
intensity of the blue fluorescent substance and the 
red fluorescent substance will be expressed as gal- 
vanometer readings (arbitrary units) and desig- 
nated as B values for the blue fluorescent factor 
and R values for the red fluorescent factor respec- 
tively, and their relation to each other as B:R 
ratio. The B and R values and B ;R ratios on sam- 
ples of 24 hour urines were determined on three 
groups of cases; a). Controls comprising cases free 
of benign or malignant growth in good health and 
those free of benign or malignant growth with as- 
sociated ailments; b). Proven cases of benign 
growth including pregnancy; c). Proven cases of 
malignant growth. 

PROCEDURE ' 

Apparatus: Phaltz & Bauer Fluorophotometer, 
Coming Red Filters Corning Blue Filters 

#5543, glass cuvettes, glass standard Bi, 85 watt 
mercui^’^ capillary arc lamp AH3 with light range 
3100 to 4200 millimicrons, ultra violet filter #5840. 

Ingestion of dnigs and vitamins was avoided 


for 48 hours previous to collection of 24 hour 
urine. Receptacle for collecting urine was washed 
clean with warm water exclusively, as soaps con- 
tain fluorescent substances. Cases with markedly 
impaired kidney function, liver damage, and jaun- 
dice were precluded. Urine containing pus or other- 
wise unduly turbid was also precluded. Collected 
urine was kept in a cool place or refrigerator. 

Total amount of urine collected over a period of 
24 hours in this series of cases was 950 cc. + 25 cc. 
It was thoroughly mixed, and a 4 ounce sample 
was taken for assay. Seventeen c.c. of the clear 
supernatant fluid of the 4 ounce sample was poured 
into a rectangular cuvette, the capacity of which 
is 20 c.c. The glass standard Bi and the Coming 
Blue Filter #5543 were inserted into provided rec- 
tangular slots. By means of a lever with scale and 
indicator connected with the iris diaphragm, light 
intensity was adjusted to a reading of 50 on the 
galvanometer scale. The glass standard Bi was 
then removed, and replaced by the cuvette con- 
taining the clear supernatant fluid and a reading 
was taken on the galvanometer scale for blue 
fluorescent intensity. The cuvette was then re- 
moved and replaced by the glass standard Bi and' 
the light intensity again adjusted to a reading of 
50 on the galvanometer scale, following which the 
glass standard Bi and the Coming Blue Filter were 
removed from their respective slots and replaced 
by the Coming Red Filter #2412 and the Cuvette 
containing the sample of clear supernatant fluid, 
following which a reading was taken on the gal- 
vanometer scale. Light intensity adjustment was 
made for each determination. Strict attention to 
cleanliness of the filters and cuvettes is paramount 
before determinations are undertaken. 

RESULTS 

Conlroh . — The control group comprised 150 
cases of which 100 enjoyed good health and were 
free of benign or malignajit growth and 50 cases 
were free of benign or malignant growth with as- 
sociated common ailments. The results of studies 
of the R values (red fluorescent substance) in the 
control group (Fig. 1) indicated a maximal value 
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for the R factor of 2.0. The values for the B factor 
(blue fluorescent substance) covered a nide range 
of flux and the result of the studies of the relation 
of the B values to the R values in this group indi- 
cated a minimal B:R ratio of 6.0:1.0, Associated 
ailments did not alter the R and B values to anj- 
significant degree. In a group of 50 cases in the 
control group (Fig. 1) the R values were below 1.5 
and the B values correspondingly low v.ith a pre- 
ponderance of B:R ratios of 6.0: 1.0. The signifi- 
cance of the above values and of the minimal B;R 
ratio of 6.0 : 1.0 in the control group mil be clarified 
when compared with the R and B values and the 


maximal R value of 2.0 indicated in the control 
group, and the B values were outstandingly higher 
than those of the control group ivith resultant 
B:R ratios significantly greater than those of the 
control group. In a group of 21 pregnancy cases 
(Fig. 1) the R values were significantly raised 
above the optimal R value of 2.0, indicated in the 
control group and the B values were proportion- 
ately raised mth resultant higher B:R ratios than 
the control group, thus paralleling the benign 
growth group. Samples of amniotic fluid from 10 
normal delivery cases presented R values markedly 
raised above 2.0, (the ma.ximal %-alue of the control 
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Fig. 1.' — Comparalive R and B values in normal, benign growlh including pregnancy ami malignancy 


B;R ratios of the benign and malignant growlh 
groups respectively. Additional determinations 
for R and B values and B -.R ratios were made upon 
a group of 20 cases, ranging over a period of from 
2 to 14 years following radical resections for malig- 
nant lesions. All enjoyed good health, with no evi- 
dence of local recurrence or metastasis. The R 
and B values and B;R ratios paralleled the con- 
trol group. 

Benign groicth and pregnancy. — ^In a group of 01 
cases (Fig. 1) with proven benign growths com- 
prising fibroid uteri, adenomas and polyps of the 
gastrointestinal tract, uterine polyps, hyper- 
trophied prostate, fibroadenomas of the breast, 
cystic mastitis, benign tumors of the ovaiy', endo- 
metriosis, benign tumors of bone, pituitary' ade- 
noma, and thyroid adenomas, the R values were 
consistently and significantly raised above the 


group), and the B values were correspondingly 
raised uith B:R ratios paralleling the benign 
growth group. The presence of R and B factors in 
amniotic fluid with values paralleling the benign 
growlh group arou.scd considerable interest as the 
urinarj' constituents of amniotic fluid are shared 
by both the fetal kidney and placenta and %vas 
likewise singularly revealing since tlic placenta 
acts as a barrier to most foreign substances. The 
elevated R values above the indicated maximal 
value of 2.0 of the control group and the propor- 
tionate and consistently raised B values and B : R 
ratios were outstanding in both benign growtli 
group and pregnancy' group. 

Malignancy . — In a group of 101 cases with 
proven malignant growth (Fig. 1) comprising 
malignancies of the gastrointestinal tract, lung, 
thyroid, utcnis, prostate, ovaries, breast, bone. 
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acule lymphatic leukemia and lymphosarcoma, 
the results of the studies indicated that the R 
values u'cre strikingly raised above the maximal 
value of 2.0 of the control group, whereas the B 
values were strikingly depressed with resulting 
low B:R ratios, less than 5.0: 1.0, the indicated 
minimum B:R ratio of the control group being 
6.0; 1.0. 

Relation of R and B rahtes to altered growth . — 
The indicated maximal level of the R factor in the 
control group was 2.0, whereas in benign growth, 
pregnanej”^ and malignant growth, the level of the 
R factor was consistently and significantly ele- 
vated above 2.0. The B values in the control 
group were correspondingly raised or lowered pro- 
portional to the level of the R values. For example. 


ratios of the control, benign growth and pregnancy 
group. 

Table 1 presents a comparative tabulation of the 
R and B values and B:R ratios of cases affected 
with benign and malignant growths respectively, 
in homologous organs, and clearly indicates that 
the contrasting R and B values and B ;R ratios in 
benign and malignant growth respectively follow 
a definite and similar pattern regardless of the 
type of organ affected. 

On the basis of approximately 1500 determina- 
tions of R and B values and B:R ratios on 400 
cases, comprising normal, benign including preg- 
nancy and malignant growths, the results of the 
data indicated the following: in the control group, 
a minimal B;R r.atio of 6.0; 1.0 and a maximal R 



Fig. 2. — Comparative B :Il ratios in normal, benign including pregnancy, and malignant growth 


in a group of 50 cases in the control group (Fig. 1) 
the R values were below 1.5 and the B values were 
correspondingly low, while in the remaining cases 
of the control group, in which the R values ranged 
from 1.5 to a maximum of 2.0 the B values indi- 
cated correspondingly greater levels proportional 
to the values of the R factor. Likewise the B values 
were markedly elevated in the benign and preg- 
nanej"^ group (Fig. 1) proportional to the levels of 
the R values which were consistently elevated 
above 2.0. In striking contrast, the B values in the 
malignant growth group (Fig. 1) were markedly 
depressed though the R values were elevated re- 
sulting in a depressed B;R ratio of less than 5.0: 
1.0, the indicated minimum B ;R ratios of the con- 
trols, benign growth and pregnancy being 6.0; 1.0. 

Figure 2 represents a plotted graph of the B;R 
ratios of controls, benign growth including preg- 
nancy, and malignant growth groups and indicates 
graphicallj" the low B;R ratios of the malignant 
growth group in contrast to the elevated B;R 


value of 2.0; benign growth group including preg- 
nancy, a minimal B:R ratio of 6.0; 1.0 and R A’al- 
ues greater than 2.0; malignant growth group. 
B:R ratios less than 5.0: 1.0 and R values greater 
than 2.0. 

Diagnostic accuracy . — Neoplastic diseases of 
knorni low grade of magnitude comprising 4 cases 
of Hodgkin’s disease, 2 cases of chronic lymphatic 
leukemia, 1 case each of reticulum cell tumor and 
giant cell sarcoma presented R and B values and 
B:R ratios within the range of the control group. 

In the course of routine determinations, 6 
cases of cirrhosis of the liver with liver damage 
confirmed by liver function tests and blood chem- 
istries, and free of malignancy, presented high R 
and low B values and B : R ratios less than 5.0 ; 1.0 
which are within the range of the malignant 
growth group. The altered R and B values and 
B;R ratios reverted to values within the range of 
the normal or benign growth groups after appro- 
priate treatment for cirrhosis, such as high protein 
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contribution on the relationship of pyrrol com- 
pounds to carcinogenesis, Figge (5) referred to 
three hypothetical factors in his hypothesis of tl\e 
sensitization of the cell to malignant transforma- 
tion, in which the role of the red fluorescent por- 
phyrin was stressed. It has' indeed opened up a 
new field of interest in the study of fluorescent 
porphyrins as related to the genesis of cancer. The 
data presented in this communication is not sub- 
mitted as a test for cancer but rather as a study of 
the possible role of the red and blue fluorescent 
substances respectively with relation to the mech- 
anism of growth and its alterations. 

SUMMARY 

Values of fluorescent intensity of a blue fluores- 
cent substance and a red fluorescent substance re- 
spectively, were determined on samples of 24 hour 
urines in 400 cases, comprising controls, benign 
growth, pregnancy and malignant growth groups. 
Values were expressed as galvanometer readings 
(arbitrary units) and designated as B values and R 
values for the blue fluorescent and red fluorescent 
factors respectively and their relation to each other 
as B '.R ratio. The B and R values and B :R ratios 


in the controls, benign growth including preg- 
nancy and malignant growtli groups were evalu- 
ated and correlated. Determinations for R and B 
values and B:R ratios were made upon 20 cases 
following radical surgery from 2 to 14 years. A 
group of 22 cases on whom radical surgery was 
performed for a wide range of malignant lesions 
were followed up throughout the year 1948 with 
frequent determinations of the R and B values and 
B:R ratios and correlated with the changes in the 
clinical course, such as extension of malignancy 
and advent of metastases. 
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Dyes have long been used in investigations of 
cancer with the hope of developing useful diag- 
nostic and therapeutics agents. The aim in such 
investigations has been to find a dye which, in the 
intact animal, stains living tumor cells without 
staining surrounding tissue. A large number of 
acid dyes, especially in the azo series, has been 
rather intensively investigated for such a purpose. 
From these investigations there has resulted gen- 
eral agreement (1, 11) that acid dyes do not local- 
ize in viable tumor cells but accumulate in the 
stroma of the tumor 

The incorporation of a radioactive isotope into a 
dye molecule has been achieved with several acid 
dyes (5, 10). Studies of the distribution of radio- 


and intense staining of ^^able tumor cells when ad- 
ministered orally or parenterally. The halogen de- 
rivatives of Nile blue 2B were prepared (8) and 
found to give good staining of tumor cells in mice. 
The radioactive iodine derivative of Nile blue 2B 
has been prepared (9). In the present work, this 
radioactive dj'e has been administered to animals. 
It is the intent of this paper to describe these ex- 
periments and their results. 

MATERUI,S AND ISIETHODS 
Radioactive Dye . — ^The dye used is a radioactive 
iodine derivative of Nile blue 2B. The iodine is 
organically bound and is not in an ionizable state. 
The structure and nomenclature of the dye arc: 


(QHs) oN 



/\/\^ 


NHCH.^ 


/ 

\_ 


,ini 


1 bromo derivatives of trypan blue and Evans blue 
(5) and of a radioiodo derivative of trypan blue 
(10) in tumor-bearing miee have been reported. 
Radioactive diiodofluorescein (6) has been used 
for the localization of intracranial neoplasms. No 
results of any direct evaluation of therapeutic ac- 
tivity of these substances have been reported. 

It has been shown (3, 4) that a basic oxazine 
dye, Nile blue A (Colour Index number 913), when 
administered orally to tumor-bearing mice causes 
diffuse staining of viable tumor cells without stain- 
ing of the tumor stroma or the surrounding tissues. 
This staining action is accompanied by a marked 
retardation of the rate of growth of the tumor. 
Other closely related oxazine dyes were similarly 
tested. Of these tested, Nile blue 2B (Colour In- 
dex number 914) was found to give most uniform 

* Aided in part by a grant to Dr. .Margaret R. Lewis from 
the Isational Cancer Institute. 


5-(p-radioiodobcnzylamino)-9-diethylaminobcnzo- 

(alphcnoxazinc 

The preparation of this radiotictive dye has been 
described in detail in a previous publication (9). 
The specific activity of tlic dye at the start of this 
investigation wfis 0.55 millicurie per gram. For in- 
jection purposes, an 0.1 per cent solution of the 
dye in 5 per cent glucose was prepared by adding 
the dye to sterile glucose solution, boiling gently 
for 20 minutes, and filtering into a sterile flask. 

Animals Used and Method of Administration of 
Dye. — Inbred mice of the C3H strain were used. 
The mice were implanted subcutaneously in the 
right axillaiy region with cither of two tumors na- 
tive to the strain. The tumors used were a fibro- 
sarcoma (methylcholanthrcne induced) and a 
transplantable spontaneous inammaiy carcinoma. 
These tumors have been transplanted through 
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many generations with no incidence of spontane- 
ous regression. 

The dye was administered by either of two 
methods. It was administered orally by mixing it 
into their food to the extent of 0.4 per cent of the 
weight of the food. It was administered parenteral- 
ly by subcutaneous injection of the 0.1 per cent 
solution. The average dose was 0.4 ml. The injec- 
tion was made on the side of the mouse opposite 
to that bearing the tumor. 

In one experiment the radioactive dye solution 
was administered intravenously to a normal dog 
iir daily doses of 25 ml. for five days. This experi- 
ment was performed for two reasons. First, it was 


TABLE 1 

Djstuibution of Radioactivity 
IX A Norjiai, Dog 


Tissue 

Counts per jninnte 
(measured) 

Counts per minute 
per gram 

(corrected for decay) 

Lu’er 

176 

16 

Spleen 

33 

5 

Kidney 

29 

4 

Muscle 

11 

1 

Blood 

9 

41 

Bile 

722 

1000 

Brain 

4 

0.6 

ThjToid 

19 

63 

Lung 

29 

6 


of interest to determine the pattern of distribution 
of radioactivity in an animal more comparable to 
the human than is the mouse. Secondly, it is read- 
ily possible in the dog and not in the mouse to take 
a sample of thyroid tissue for radioactivity meas- 
urement. 

Measurement of Radioactivity in Tissues. — Im- 
mediately after sacrificing the experimental ani- 
mal, weighed portions of various tissues were taken 
for radioactivity measurement. These were pre- 
pared for measurement by either of two methods. 
One method was to extract the minced tissue with 
methanol acidified with acetic acid and evaporate 
the filtered extract to dryness in a 40 mm. open 
Petri dish. Extraction by this technique was some- 
times incomplete since measurable radioactivity 
Avas present in the tissues after extraction. A more 
reliable method for preparing the tissues for radio- 
activity measurement involved digestion of the 
weighed sample with concentrated nitric acid to 
which a little silver nitrate solution had been add- 
ed. The digestion mixture was evaporated to a 
small volume in a 40 mm. open Petri dish prior to 
measurement. 

The radioactivity of these preparations was 
measured with a thin AA’indow Geigcr-Miiller 
counter. 


EXPERIMENTAL AND RESULTS 

Distrihdion of Radioactivity in a Normal Dog . — 
One normal dog weighing 9.3 kilograms received 
intravenously 25 ml. of 0.1 per cent radioactive 
dye solution daily for five days. No untoward ef- 
fects were noticed during this period and three 
hours after the last injection the dog was sacrificed. 
Autopsy showed that all organs were grossly and 
microscopically normal. The radioactivity found 
in the extracts of the various tissues is shovm in 
Table 1. The data of Table 1 show very high radio- 
activity in the bile, indieating that this is the prin- 
cipal avenue of excretion of the dye. The relatively 
high radioactivity in the thj’roid is probably due 
to release of iodine in the metabolism of the dye 
since the thyroid gland is not visibly stained by 
the dye. Other organic iodine compounds such as 
those used for cholecystography {e.g. Priodax), are 
known (7) to signifieantly affect thyroid function 
possibly through release of iodine in metabolism. 
The very low radioactivity in the brain and the 
absence of staining of the intact central nervous 
system are of significance in connection with the 
possible use of the radioactive dye for the localiza- 
tion of intracranial neoplasms. 

Distrihdion of Radioactivity in Tumor-bearing 
Mice. — The distribution of radioactivity in tumor- 
bearing mice which received a single injection of 
radioactive dye was studied. The level of radio- 
activity of the various tissues varied from mouse to 
mouse depending on the quantity of dye adminis- 
tered and the time intervals involved. In the pres- 


TABLE 2 

Distribution of Radioactwit’y in 
Tumor-bf.ari.ng JIice 



2.5 hours after injection 

21 liours after 
inicclion 

Tissue 

counts/min. 

counts/min./ g. 

counts/min. 

Tumor 

209 

690 

0 

Liver 

254 

508 

0 

Spleen 

124 

477 

0 

Kidney 

206 

824 

0 

Blood 

488 

970 

0 

Muscle 

58 

193 

0 

Feces 
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ent study the absolute values of the radioactivity 
Avere considered to be of relatiA^ely little import, 
the principal objective being to determine the rela- 
tiA'e radioactivity in the A'arious tissues. In Table 2 
are listed typical results obtained Avitli C3H mice 
bearing transplanted fibrosarcomata Avhich re- 
ceded a single subcutaneous injection of 0.9 ml. 
of the 0.1 per cent solution of radioactiA'e dye. The 
mice Avere sacrificed at 2.5 hours and at 24 hours 
folloAAung injection and the tissues Avere digested 
Avith acid and siK'cr nitrate prior to measurement 
of radioactivity. 
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Tlic data of Table 2 show that all of the radio- 
active dye is excreted within 24 hours; in part via 
the kidney and probably to a greater extent via the 
bile into the intestine. The data further show that 
when the blood level is high, the concentrations in 
the liver, kidney and spleen are of the same order 
of magnitude as that in the tumor. The concen- 
tration of dye in muscle is considerably lower than 
in the tumor. 

Disiribntion of RadioactivUy in Tnmor-bearing 
— The radioactive dye was also administered 
to a small number of inbred rats bearing trans- 
planted fibrosarcomata. The staining of tumors in 
the rat is not as good as in the mouse. The limited 
data obtained with rats showed that the concen- 
tration of dye (from radioactivity measurements) 
was considerably higher in the liver than in the 
tumor. This species difference may be related to 
the fact that the rat has no gallbladder whereas 
the mouse does. 

Effect of Oral Administration of Radioactive Dye 
on Survival of Tumor-hearing Mice . — A group of 
adult C3H mice were implanted subcutaneously 
with mammary carcinomata from a tumor native 
to the strain which had been transplanted through 
several generations. No cases of spontaneous re- 
gression had been observed rvith this tumor. On 
the thirteenth day after implantation of the tu- 
mors, the radioactive dye was administered orally 
(mixed with the food as 0.4 per cent of the weight 
of the food). The tumors were definitely palpable 
and growing at the time the feeding of the dye was 
started. The administration of the dye was con- 
tinued for approximately 17 days and then the 
mice were given ordinary food until they died. 
Survival time was computed as the number of 
days from time of implantation of tumor to death. 

Another group of adult C3H mice implanted 
with the same mammary carcinomata served as a 
control group. They were prepared and fed in the 
same manner as the previous group except that the 
dye used was prepared in identical fashion with 
ordinary iodine instead of radioactive iodine. The 
data for these two groups is shown in Table 3. 

Although the number of animals involved in 
this experiment is small, a marked difference in 
the average survival time of the two groups (74 
days for the radioactive group, 36 days for the 
control group) is shown. This indicates that the 
radioactivity carried to the tumor is a significant 
factor in prolonging the life of these tumor-bearing 
mice. 

Mice of this same strain implanted with this 
same tumor which receive no dye survive an aver- 
age of 25 to 30 days (2). Thus, in the radioactive 
dye two factors are operative in prolongation of 


life; the retardation of tumor growth by the dye 
and the radiation effect of the radioactive isotope. 

During the period of treatment with the radio- 
active dye and until just before death, the mice 
remained active and in good physical condition . 
The tumors grew slowly and in two of the mice 
treated with radioactive dye, there was a tempo- 
rary but marked diminution in the size of the tu- 
mor. 

Effect of Parenteral Administration of Radioac- 
tive Dye on Survival of Tumor-bearing Mice . — Ten 
adult C3H mice were implanted subcutaneously 
with fibrosarcomata and the mice were untreated 

TABLE 3 

OllAL ADSnNISTn.ATIOX OF IIADIOACTIVE DVE TO 

Mice with Mammaiiv Carcixojiata 


nlmoACTivE Dte GnoOT CoxTiioi. DrE Gbovp 


Dflys Aye fed 

Dnys survived Day, 

9 dye fed 

Doy.<i survived 

17 

58 

13 

27 

17 

58 

15 

28 

18 

62 

16 

29 

17 

83 

38 

37 

18 

90 

18 

44 

U 

92 

14 

50 


Avc; 74 


Ave: 36 


TABLE 4 




PAnEXTER,rL ADMI.VlSTnATION OF RADIOACTIVE DVE 
TO Mice with FinnosAncoMATA 


Period of dye 

injecHons 

No. of infections 

Dnys survival 

(days) 

17 

12 

87 

17 

10 

48 

17 

12 

48 

17 

9 

36 

16 

8 

33 

16 

9 

62 

16 

7 

94 

10 

7 

57 

16 

7 

62 

10 

8 

37 


Ave: 9 

Ave; 51 


until appro.ximatcly 2 weeks after implantation at 
which time the tumors were moderately large. The 
mice then received subcutaneous injections of 0.4 
ml. of the radioactive dye solution on an average 
of eveiy' second day. This treatment was continued 
for about 16 days following which the mice were 
untreated. Survival times were recorded. The data 
are summarized in Table 4, 

The survival time of untreated mice bearing the 
tumor used in this experiment is approximately 20 
days (2). The average survival time of the treated 
mice shown in Table 4 is 51 days, a significant in- 
crease over the untreated. In several of the treated 
mice in this series there was partial sloughing of 
the tumor and comparatively little viable tumor 
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tissue v,'as present at death. In the case of the 
mouse which survived 94 days, most of the tumor 
had sloughed and there remained only a very thin 
rim of tumor tissue surrounding a small amount of 
caseous necrotic material. 

SUMMARY 

1. The radioactive iodine derivative of the oxa- 
zine dye Nile blue 2B has been administered to a 
normal dog and to tumor-bearing mice. The dis- 
tribution of radioactivity in the tissues of these 
animals has been determined. In the dog, the 
radioactivity is very high in the bile and rather 
high in the thyroid gland. In the tumor-bearing 
mice, the concentration of dye in the tumor is of 
the same order of magnitude as in the liver, kid- 
ney and spleen. 

2. The administration, either orally or paren- 
terally, of this radioactive dye to tumor-bearing 
mice has been shown to result in marked prolonga- 
tion of life of the mice. The prolongation of life by 
the radioactive dye has been shown to be signifi- 
cantly greater than by the same non-radioactive 
dye. 
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The historj' of diagnostic tests for human cancer 
has recently been critically reviewed by Honi- 
burger (1). Criteria were given for making deci- 
sions ndth regard to the suitabilitj" of various pro- 
posed tests for malignancy. One of these, the 
Roche test, had been selected for study and evalu- 
ation some time ago (2). 

Roche et al. (3, 4, and 5) reported that in the 
presence of zinc ion in a concentration of 1 X 10" W 
the serum alkaline phosphatase was specifically 
inhibited in cancer patients. The series included 
16 normal subjects, 45 non-cancer patients and 
142 cancer patients. Attention was directed to the 
high zinc concentration in tumors as an e.vplana- 
tion of the specificity of the zinc reaction in cancer 
patients. Following surgical removal of the tumor, 
the scrum of cancer patients was found to revert to 
normal. 

In this paper, the conditions for determining 
alkaline phosphatase in the absence or presence of 
zinc were made to correspond as completely as 
possible to those of Roche. Two methods were em- 
ployed: a) the Bodansky (6) method in which the 
phosphate split from B-glycerophosphate was 
measured, b) the Bessey, Town", and Brock (7) 
procedure based on the colorimetric determination 
of p-nitrophenol liberated from ?7-nitrophenyl- 
phosphate by the enzyme. The alkaline phospha- 
tase in the presence and absence of zinc ion 
(10-W) was determined in a group of 23 normal 
healthy indmduals and in 22 patients with ad- 
vanced cancer. 

With the aim of making the test more selective, 
a variety of conditions have been tested. These in- 
clude the effect of varjnng the zinc ion concentra- 
tion, of dialj'zing the plasma, of changing the 

‘This work was supported by an institutional grant of 
the .\merican Cancer Society, Inc., New York, and by funds 
from the National Institutes of Health, National Cancer 
Institute, Bethesda, Md. 


order and manner of addition of the reagents and 
of altering periods of incubation. 

Under Roche’s conditions, the beha%'ior of the 
cancer and non-cancer groups was found to be simi- 
lar both qualitatively and quantitatively, i.e., in- 
hibition of alkaline phosphatase by zinc ion. 

EXPEREMENT.tL 

Fresh blood serum was taken from a number of 
healthy blood donors and from patients with far 
advanced cancer. Determinations for alkaline 
phosphatase were done according to Bodansky’s 
method as employed by Roche, In several in- 
stances simultaneous analyses by the method of 
Lowry et al. were done. The results in which two 
concentrations of zinc sulfate and two periods of 
incubation were employed are listed in Tables 1 
and 2. 

Typical effects of zinc sulfate when added to 
dialyzed serum from a non-cancerous and a can- 
cerous indmdual are indicated in Figure 1. 

No significant change in the behamor of the test 
was found when the order of addition of the re- 
agents was rearranged in evei^’- possible combina- 
tion or when the determinations were performed 
at pH 8.9 instead of 9.2. 

DISCUSSION 

In agreement with Roche’s data, zinc ion was 
found to cause a depression of the serum alkaline 
phosphatase in cancer patients. However, the 
identical behamor of the enzj^me in the sera from 
non-cancer patients contrasts markedly with his 
findings. The failure of the serum alkaline phos- 
phatase to be increased after dialysis is not con- 
sistent with Roche’s view of an excess of circulat- 
ing zinc ion originating from the tumor. 

There is no obmous explanation which can ade- 
quately reconcile these two differing sets of data. 
It does not seem likely that a contaminant in the 
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TABLE 1 

The Ei'FEct of Zinc Ion on the Serum Alkaline 
Phosphatase of Non-canceu Patients 

ALKALINE PHOSPHATASE 


In the Presence of ZnSO^ 



Un- 


Percent- 


Percent- 


TREL\TED 

Concen- 

age inhi- 

Concen- 

age inhi- 

Subject 

SERUM 

tration 

bition 

tration 

bition 

/jicutnfion (ime 1 hour 





M. H. 

1.0 

0.6 




F. M, 

2.4 

1.2 

SO 



AL D. 

1.8 

1.0 

44 



R. H. 

1,4 

0.2 

80 



R. C. 

0.8 

0.0 

100 



R. C. D. 

1.0 

0.6 

40 



A. R. 

0.7 

0.8 

-(+14) 



A. J. 

2.1 

0 9 

57 



Incuhation time 

I hour 

ixio-> 




N. M. 

3.3 

2.2 

33 



P. W. 

2.3 

2.1 

27 



L. M. 

3,9 

2.6 

33 



liicithaiion time 3 hourji 

.}XM-' 


1 XW~'^ 


H. S. 

3.0 

1.5 

50 

1.1 

03 

,1. B. 

2.3 

1.2 

48 

0.7 

70 

]\I. IV. 

1.1 

0.5 

54 

0.4 

04 

E. M. 

1.1 

0.5 

54 

0.4 

64 

H. C. 

1.4 

0.7 

50 

0.0 

43 

R. C. 

2.2 



0.8 

03 

W. W. 

2.3 

1.0 

56 

0.7 

70 

H. S. 

1.3 



0.4 

69 

J. 

1.0 

0,9 

44 

0.7 

44 

E. C. 

1.2 



0.4 

67 

T. K. 

3.0 



0.8 

73 

J. R. 

2.7 



0.5 

82 


reagents was responsible, because the inhibition of 
serum alkaline phosphatase by zinc ion in cancer 
patients was observed in both laboratories. Per- 
haps the continental population without cancer 
possesses an alkaline phosphatase system peculiar- 
ly sensitive to zinc ion. The necessity of varying 
zinc ion concentrations for establishing the opti- 
mum concentration of zinc ion activation in nor- 
mal individuals has been pointed out by Roche (8) . 
However, in our experience, this maneuver was 
unsuccessful in demonstrating activation. 

Bodansky and Blumenfeld (9) found that “a 
concentration of 10~^M Zn++ failed to affect the 


NORMAL SUBJECT CANCER PATIENT 



Fig. 1. — EfEecls of varying zinc ion concentrations on 
phosphatase activity (7) in dialysed and undialysed serum of 
patients rvith and without cancer. 


TABLE 2 

The Effect of Zinc Ion on the Seuum Alkaline Phosphatase of Cancer Patients* 

ALKALINE PHOSPHATASE 


Subject Dugnosjs 

/MC»6fl/j'on fime 1 hour 

B. K. Renal cell carcinoma 

J. L. Fibrosarcoma of cheek with pulmon. metastasis 

R. M. Carcinoma, breast, with undifferentiated metastasis 

F. N. Glioblastoma multiforrae 

J. M. Adenocarcinoma of rectum 

E, D. Adenocarcinoma of ovary 


Untbeateo Concen- 

snnuAi Iration 

I XtO-’M 

2.6 1.4 

4.6 2.0 

6.6 2.3 

2.0 0.5 

2.1 0.7 

2.2 1.4 


Incuhation time 3 hours 


G. Glioblastoma multiforme 

F. L. Adenocarcinoma, urinary bladder 

A. S. Adenocarcinoma, breast 

p C Epidermoid carcinoma 

Squamous cell carcinoma of tongue, neck metastases 

G. Epidermoid carcinoma of tongue 

S Scirrhous carcinoma, of breast, spinal metastasis 

O. Carcinoma of cecum 

D. Carcinoma, prostate 

Carcinoma, breast 
Glioblastoma multiforme 


. Tl „ .Jnrfv was (lolic with 5 other cancer paticni.s not Fisted here and aUo pi 

ti„„s o?;j„"ro"Hfrerenrfrtrthe two Riven. F.s.senli.,ll.v,jn.jlarresM 


2.2 

0.7 

1.5 

0.0 

8.9 

3.5 

1.7 

0.5 

2.8 

0.9 

2.7 

2.1 

2.7 
21.0 

1.7 

1,9 

0.9 


llie patients whose data are 


lx THE PnESENCE OP ZllSOj 
Percentage Concen- Percentage 

inhibition tration inhihitina 
.)XI0-*M 

46 

57 

65 
75 

66 1.4 33 

36 1.4 36 


68 

60 

60 4.8 40 

70 

06 1.2 57 

07 i.2 55 

0.5 70 

0.7 74 

17.0 21 

1.2 20 

0.0 08 


found in Table 2, employing concentra- 
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serum alkaline phosphatase activity in individuals 
either with or without cancer.” They also noted 
lhat “concentrations of and 10~^ M decreased 
the scrum alkaline phosphatase activity” (to the 
.same extent in patients with and without malig- 
nancy). In their experiments, the pH of the di- 
gests was adjusted to 8.7.o + 0.05 because of the 
.acidifying effect of ZnS 04 . In our work this was 
not done, in order to maintain experimental 
conditions as close as possible to those of Roche. 
The possibility e.xists that the observed inhibition 
may be the result of a shift of the pH towards the 
acid side rather than a direct effect of zinc ions. 

Although in the future metallicions maypossibly 
he successfully employed to differentiate enzj'mati- 
cally patients with cancer from those without, the 
zinc ion inhibition of the serum alkaline phospha- 
tase in its present state would appear to be unsuit- 
able as a diagnostic test. 

SraBLVRY 

Serum alkaline phosphatase from subjects with 
iind without cancer was inhibited by zinc sulfate 
(I X 10“^ M) to the same extent. These data con- 
trast with those of Roche in which the normal 
group sJiowed no change or an activation of 
•scrum alkaline phosphatase by zinc ion. 
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Chronic caloric restriction inhibits the forma- 
tion of various tumors of the mouse (1, 2). The 
restriction in caloric intake produces, among 
many changes, a decreased total metabolism and 
decreased body weight of the animals. In order to 
acquire information as to which of these — caloric 
intake, total metabolism, or body weight — ^might 
be most directly related to tumor formation, di- 
verse experimental procedures have been studied: 
feeding of dinitrophenol or sodium fluoride, and 
the housing of the mice at low environmental 
temperatures (3). 

The present study supplements the above ex- 
periments and has a similar objective; in this in- 
stance thyroid hormone was fed to mice in a dose 
that caused increased food consumption and in- 
creased metabolism, and only a slight retardation 
of body growth. The experiments were designed to 
also reveal the effects of administration of thyroid 
on the different stages of carcinogenesis. 

The concept of discrete stages in the genesis of 
tumors has been introduced through a variety of 
studies (4, 5, 6, 7, 8) indicating that the formation 
of induced skin tumors proceeds through at least 
2 stages; a) initiatory changes induced by the 
action of a carcinogen on normal cells; and b) the 
promotion or development of these “biased” cells, 
under necessary conditions, into neoplastic cells 
that grow into a visible tumor. These two stages 
can be separated roughly by the experimental 
technique of applying a carcinogen for a short time 
and terminating these applications before tumors 
arise in any of the experimental animals. One may 
arbitrarily regard the consequent intervals — a) 
that encompassing the application of the car- 
cinogen, and b) the subsequent period during 
which grossly visible tumors appear — as corre- 
sponding respectively to the stage of initiation and 
the stage of development. This technique has been 
employed to demonstrate that the inhibitory ac- 

* This investigation was supported (in part) by a research 
grant from the National Cancer Institute, IJ.S. Public Health 
Sendee, and by the Gustav E. Berlin Memorial Fund. 

t Supported, in part, by the Michael Reese Research Foun- 
dation and the Foundation for Cancer Research, Chicago. 


tion of caloric restriction (9) and the accelerating 
action of fat-enriched diets (10, 11) on the genesis 
of tumors are exerted mainly during the second 
stage, that of development, and have little or no 
effect on the initiation stage. Similarly the co- 
carcinogenic actions of croton oil (5), turpentine 
(4, 5), and wound healing (4) are effective mainly 
in the stage of development. On the other hand, 
various solvents for carcinogens influence tumor 
formation primarily in the initiatory stage by 
modifying the coneentration or amount of carcin- 
ogen acting upon the tissue. 

This general knowledge of the stages of carcin- 
ogenesis has been briefly reviewed, because the 
present study was in part based upon these con- 
siderations. The experiments were designed to 
study the effects on skin tumor formation of 
thyroid hormone when administered a) through- 
out the experiment, b) only during the interval 
of cutaneous application of carcinogen, and c) 
only during the period of tumor appearance. 

METHODS 

The mice employed were adult dba strain 
males bred in our laboratories. Litter mates were 
distributed between the several groups of each 
experiment so far as possible. From the time of 
weaning until transfer to the experimental diets 
they were fed a commercial ration, Purina fox 
chow checkers. In all experiments the animals 
were housed in groups of 5 in cages with solid 
bottoms. The carcinogen was a 0.3 per cent solu- 
tion of 3,4-benzpyrene in acetone; at semi- weekly 
intervals a single drop (0.02 cc.) was applied to the 
interscapular area by means of a dropping pipet. 

The experimental diets were composed of 
Purina fox chow meal, skimmed milk powder, and 
cornstarch, and were prepared as in earlier work 
(9). The thyroid extract (Proloid)' was incorpo- 

J Generously donated by The Maltine Company, N.Y. Pro- 
loid is a thjTOglobulin equivalent to an equal weight of Ar- 
mour’s TJ.S.P. thyroid; 1 grain of Proloid corresponds to 169 
micrograms of crystalline thyroxine in the thyToidectomized 
rat assay. It is also stated to have less toxic action than other 
thyroid preparations. 
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rated in the diets at the level of 0.04 per cent, 
inasmuch as previous experience had indicated 
that this concentration increased caloric intake by 
approximately 50 per cent, without a drastic 
effect on body weight "RTiere the design of the 
e.xperiment called for changing the diet, this was 
done a few weeks after the final application of the 
carcinogen. 

The general care of the animals, examination and 
evaluation of tumors and other pathologj', and 
recording were carried out as previously de- 
scribed (9). 

EXPERIMENTS 

Experiment 1. Three month old dba males 
were distributed into 3 groups of 50 mice each. 
The diets were composed of Purina fox chow 
meal, 35 per cent; skimmed milk powder, 20 per 
cent; and cornstarch, 45 per cent. The ration at the 
level of 4 gms. daily per mouse was the control 
diet. The same ration at the level of 6 gms. and 
containing 0.04 per cent thyroid extract, was the 
thyroid diet. These amounts were approximately 
at the ad libitum level. Group h-CC- was fed the 
control diet, and groups h-TC, and h-TT were fed 
the thyroid diet. Three weeks after institution of 
the experimental diets, treatment with carcinogen 
was begun. Fourteen applications of the solution 
of benzpyrene were given at semi-w'cekly intervals 
over a period of 6 1/2 weeks; 3 weeks after the 
final application, the mice of group h-TC w’ere 
transferred from the thyroid ration to the control 
ration; the rations of groups h-CC and h-TT w'ere 
not changed. Thus group h-CC was fed the control 
diet and group h-TT the thyroid diet throughout 
the experiment, w'hile group h-TC was given the 
thyroid diet for the period encompassing the appli- 
cation of carcinogen and the control diet during 
the period of tumor appearance. 

Excluding the deaths caused by a laboratory 
accident during the twenty-fourth week of the 
e.xperiment, very few of the mice w’ithout tumors 
died before the fortieth week. At this time the 
death rate in group h-TT suddenly increased — 
T tumor-free mice as w’ell as some with tumors 
died between the fortieth and forty-eighth week. 
For this reason the experiment was terminated. 

During the course of the e.xperiment the caloric 
intake was dependent on the ration fed. The mice 
on the control diet consumed, on the average, 
3.9 to 4.0 gms. daily; those on the thyroid 

' For convenience, tlie experimental groups are designated 
as follows: The initial letter designates the e.xperiment. The 

first letter . -.he period of 

carcinogen ■ i . ■ . _ q’jjg 

letter after the dash indicates the diet during the period of 
tumor appearance, again cither C or T. 


diet, 5.4 to 6.0 gms. In the same order, they drank 
approximately 3 cc. and 6 cc. of water daily. Al- 
though they consumed nearly 50 per cent more 
food, the mice on the thyroid diet weighed less 
than those on the control diet (Table la). 

The formation of skin tumors is illustrated in 
Figure 1 and the data summarized in Table lb. 
The results are discussed together with those of the 
following experiment. 

Experiment 2. Two hundred dba male mice, 
approximately 2 1/2 months of age, were divided 
into 4 equivalent groups of 50 each. The ration 
consisted of Purina fox chow meal, 50 per cent; 

TABLE la 

Growth of Mice in Expeuisiext i 

Weeks after Initial Applicatiov or Carcinogen 



-3 

0 

4 

B 

10 

14 

18 

SO 

34 

42 

Group* 




Mean body w 

'eight 

(grams) 



h-CC 

26 

30 

33 

35 

36 

37 

38 

37 

37 

36 

h-TT 

25 

28 

31 

33 

34 

34 

33 

32 

32 

31 

h-TC 

25 

28 

30 

32 

32 

83 

83 

33 

33 

34 


• bt-CC: control diet; h-TT: llijToid diet; b-TC: thjToid diet until 
n-ecks, control diet subsequently. 


TABLE lb 


EFFECT OF Feeding Thyroid Hormone on the For- 
mation OF Induced Skin Tumors (Experiment i) 



Number 

Mice wrm 
Skin Tumors 

Tiiie OP Appearance 
OP Tumors J 

Mice 
Tumor 
Free and 


OP 

Num- 

Per- 

(weeks) 

Alive at 

Gnour* 

MlCEt 

ber 

cent 

First Mean 

48 WeeksI 

h-CC 

43 

32 

74 

14 30.9±1.6 

9 

h-TT 

39 

27 

69 

10 2C.2+1.9 

4 

h-TC 

50 

44 

88 

10 29.3±1.4 

6 


• See footnotes. Table la, for outline of dielarj* regimen. 

t Tbc total mice in each group was 50. The adjusted total is employed to 
calculate per cent tumors because of unequal death rates among the several 
groups (15). 

tTimc in weeks after initial application of carcinogen. 

5 End of eicperiment. 

skimmed milk powder, 25 per cent; cornstarch, 
22.5 per cent; and brewers yeast,’ 2.5 per cent. 
This ration, compared with that of Experiment 1, 
contains a higher proportion of protein, mineral, 
and fat and a supplementary source of B-%'itamins. 
The control diet consisted of 4.0 gms. of the ration 
daily, the thyroid diet of 6.0 gms. of the ration 
containing 0.04 per cent thyroid extract. 

Four weeks after initiation of the experimental 
diets, the mice were given the first of 12 semi- 
weekly applications of the benzpyrene solution — 
over a period of 5 1/2 weeks. Three weeks after the 
final application of carcinogen the diets were either 

’ .Anheuser-Busch Strain K — gencrou.sly donated by An- 
heuser-Bu.scii Inc. 
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changed or continued according to the design of 
the experiment as tabulated ; 


Dietary regimex during 


Period of tumor 



Period of carcinogen 

appearance* 


application* 

(8i weeks to end of 

Group 

(—4 to 8J weeks) 

of experiment) 

n-CCf 

control 

control 

n-TT 

thjToid 

thyroid 

n-CT 

control 

thyroid 

n-TC 

thyroid 

control 

* Time 

is indicated in weeks after initial 

upplic.Ttion of carcinogen. 

t Sec footnote number 2. 


The 

study was terminated 48 M’eeks after the 


initial application of carcinogen inasmuch as sub- 
sequent to this time there occurred a sharp in- 
crease in the death rate of the mice ingesting the 
thyroid diet. In the first 48 weeks of the experi- 



Fig. 1. — Effect of thyroid e.\tract on tlie forni.Ttion of in- 
duced skin tumors, as shown by curves of cumulative incidence. 

Time of final application of carcinogen. B: Group h-TC was 
fed thyroid diet until this time, the control diet subsequently. 
Group h-CC received the control diet throughout the experi- 
ment, and group h-TT received the thyroid diet throughout. 


ment, there were only 2 to 5 deaths in a group, 
and most of these were caused by spontaneous 
lymphomata. 

The mice receiving the control diet consumed 
from 3.7 to 4.0 gins, of food daily, those on the 
thyroid diet from 5.2 to 6.0 gms. The water con- 
sumption of the latter was from 25 to 50 per cent 
greater than that of the mice on the control ra- 
tion. As in Experiment 1, the mice ingesting the 
thyroid diet weighed less than those on the control 
diet despite the increase in caloric consumption of 
approximately 40 per cent (Table 2a). On the 
average, the hj'^perthyroid mice were only about 
2 per cent smaller in body length. 

With respect to the formation of skin tumors. 


the results of Experiment 2 (Table 2b, Figure 2) 
agree Math those of Experiment 1 (Table lb. 
Figure 1) in the following particulars: The initial 
tumors appeared earlier in those groups receiving 
the thyroid diets during the period of application 
of carcinogen (h-TT and h-TC compared M-ith 
h-CC; and n-TT and n-TC compared with n-CC 
and n-CT). The tumor incidences among the mice 
fed the thyroid diet only during the period of 
carcinogen application, folloM'ed by the control 
diet during the period of tumor formation (groups 

TABLE 2a 

GnoM’TH OF Mice in Experime.nt 2 

AYeeks after Initial Application of Carcisocex 



-4 

1 

5 

0 

11 

15 

10 

27 

35 

43 

Group* 




Mean body weight (grams) 




n-CC 

23 

20 

32 

34 

34 

36 

37 

37 

38 

38 

n-TT 

22 

28 

31 

32 

32 

32 

33 

33 

34 

32 

n-CT 

23 

29 

32 

35 

34 

33 

34 

84 

35 

33 

n-TC 

23 

29 

31 

32 

31 

34 

37 

38 

38 

37 


•n-CC: control tliet throughout; n-TT: th>Toid diet throughout; 
n-CT; control diet until weeks, th>Toid diet subsequently; 
n-TC; thyroid diet until 8^ weeks, control diet subsequently. 


TABLE 2b 

Ekfect of Feeding Thyroid Hormone during the 
Different Stages of Carcinogenesis on the For- 
mation OF Induced Skin Tumors. (Experiment 2) 



NOMDEn 

Mice with 
Skin Tumors 

Time of Appearance 
OF Tumors t 

Mice 

I'UMOR 

Free and 


or 

Num- 

Per- 

(weeks) 

Alive at 

Gnoup* 

Mice! 

ber 

cent 

First Mean 

48 Weeks? 

n-CC 

49 

31 

03 

15 29.9 + 1.7 

17 

n-TT 

49 

25 

51 

11 28.0+1.9 

21 

n-CT 

49 

24 

49 

13 32.1 + 1.8 

21 

n-TC 

49 

34 

09 

9 28.4 + 1.0 

12 


•See footnote, Tnble 2a, for description of diet.ary regimen. 

f Number of mice obtained by adjustments for deatiis of animals without 
tumors (15). 

t Time in weeks after initial application of carcinogen. 

§ End of experiment. 

h-TC and n-TC), M'ere slightly greater than those 
of the mice on the control diets throughout the 
experiment. Tumor incidences among the mice fed 
the thyroid diet throughout (h-TT and n-TT) M’ere 
at first slightly greater than among the control 
mice, but at about the thirtieth week there M’as a 
relatively sharp reduction of tumor formation 
among the hyperthyroid mice, and by the time the 
experiments M’ere terminated these groups had 
slightly loM’er tumor incidences than the controls. 
As a consequence of this early augmentation and 
later repression of tumor formation the mean 
times of tumor appearance M’ere shorter in groups 
h-TT and n-TT than in the corresponding control 
groups. The effect of feeding the thyroid diet only 
during the period of tumor appearance (i.e. pre- 
ceded by the control diet during the period of ap- 
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nlicjtlion of carcinogen) is illustrated in Experi- 
ment 2. group n-CT. There was initially some in- 
hibition of tumor formation (ending at about the 
tnenty-seventh rveek) followed by an acceleration 
which raised the tumor incidence to that of the 
mice fed the thyroid diet throughout. 

The values given for skin tumor formation in 
the tables and figures represent the total number 
and per eent of mice that developed skin tumors 
(papillomas and carcinomas). Approximately 70 
per cent of the papillomas eventually became car- 
cinomas, and the incidence of mice with carcino- 
mas varied in the same order as given for total 
skin tumors. 

DISCUSSION 

The literature contains few reports on the 
effects of the admiaistration of thyroid hormone 
on the genesis of neoplasms. Nowak and Ciecha- 
nowski (12) observed no changed in the rate of 
appearance of tar-induced skin tumors in rabbits. 
On the other hand, Kreyberg (13) noted an ac- 
celeration of skin tumor formation in tarred mice. 
Smith and associates (14) reported no effect of the 
hyperthyroid state on the formation of induced 
sarcomas in rats; the result was attributed in part 
to the high dose of carcinogen employed. We have 
unpublished experiments in which mice injected 
with moderate doses of carcinogen were given 
thyroid extract in rations fed ad libihim; there 
were no noteworthy effects on sarcoma formation. 

In the present experiments the striking aug- 
mentation of caloric intake and metabolic activity 
produced by the thyroid extract was not accom- 
panied by a spectacular effect upon the incidence 
or time of appearance of skin tumors induced by 
the application of carcinogen. The data suggest, 
however, a small differential action of thyroid 
honnone during the two different stages of car- 
cinogenesis. IMien fed during the period of appli- 
cation of carcinogen (initiation stage) it exerted a 
stimulating action on the formation of skin tu- 
mors, principally evidenced by the invariably 
earlier appearance of the first tumors in the four 
groups fed thyroid in this period, and by the 
higher incidence of tumors in the two groups fed 
thyroid extract during this period only. IWien ad- 
ministered during the period of tumor appearance 
(development stage), thyroid extract exerted some 
retarding effect on skin ^umor formation, as indi- 
cated by the lower incidence of tumors. If these 
observations are valid, it would be expected that 
the feeding of thyroid extract throughout the en- 
tire experiment Ojoth stages) would result in a 
balancing of the two effects. To a degree, the re- 
sults arc in agreement with this expectation. 

The mechanisms of these actions are obscure. 


The administration of thyroid hormone has many 
effects upon the animals : increased food consump- 
tion. increased metabolism, a relative loss in body 
W'cight, increased heat loss, peripheral dilatation 
of blood vessels, shifts and changes in protein and 
fat storage, etc. It is possible that the accelerating 
action on skin tumor formation during the initia- 
tion stage of carcinogenesis is due to local changes 
at the site and time of carcinogen application, 
possibly even affecting the tissue dose of car- 
cinogen. Thus the augmented tumor formation re- 
ported by Kreyberg may have been due to pro- 
tracted tar application (for 6 months), w'hich 
contrasts with the relatively short period of car- 



Fig. 2. — Effect of thyroid extract on the formation of in- 
duced skill tumors, as shown by curves of cumulative incidence. 
A: Time of final application of carcinogen. B: At this time 
group n-TC ivns transferred from thyroid to control diet, group 
n-CT from control to thjToid diet. Groups n-CC and n-TT 
Were fed the control and thyroid diets respectively throughout 
the e.xperiment. 

cinogen application (for n 1(2 and 6 1/2 weeks) 
in our experiments. It may be that the augmented 
tumor formation reported by him w^as due to a 
stimulatory action in the initiation stage of car- 
cinogensis w’hich overlapped the period of tumor 
appearance and therefore outweighed the inhibi- 
tory effect during the development stage. 

The small inhibiting effect of thyroid extract. 
On tumor formation, during the second stage of 
carcinogenesis may be related to the small de- 
crease in body weight which occurred despite 
an increased food intake of 40 to 50 per cent. 
Thus the inhibition of tumor formation that 
occurred in the groups fed thyroid extract through- 
out the experiment or only during the second 
stage of carcinogenesis may be more directly re- 
lated to the decrease in body weight rather than to 
the increased caloric intake and metabolic activ- 
ity. These conclusions agree with the evidence 
that caloric restriction exerts its inhibiting effect 
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on tumor formation mainly during the second 
stage of carcinogenesis (9). 

The most pertinent finding is that the consider- 
able augmentation of food intake and metabolic 
activity, produced by thyroid extract, resulted in 
only a small effect upon tumor formation. These 
data support the conclusions arrived at in related 
investigations (3) concerned with dinitrophenol, 
sodium fluoride, and low environmental tempera- 
ture: It is not the level of caloric intake or total 
metabolic turnover but rather the body weight 
level at which a balance is struck between caloric 
intake and utilization that is a significant factor 
in the genesis of some mouse tumors. 

SUMMARY 

1. Mice fed diets containing 0.04 per cent thy- 
roid extract (Proloid) consumed 40 to 50 per cent 
more food, yet weighed about 10 per cent less, 
than the control mice. 

2. The striking augmentation of caloric intake 
and metabolic activity did not produce a large 
effect upon the incidence or mean time of appear- 
ance of skin tumors induced by the application of 
3,4-benzpyrene. 

3. The data suggest, however, a small differen- 
tial effect of thyroid hormone on the two stages of 
carcinogenesis: stimulating in the stage of initia- 
tion and retarding in the stage of development. 

4. The results give indirect supporting evidence 
that the inhibition of tumor formation produced 
by caloric restriction is more related to the low 
body weight of the animal than to the actual level 
of caloric intake or metabolic activity. 
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Vitamin B6 and Biotin in Human Cancer Tissue 

R. M. Ballantyne and E. W. McHenry 

(From the Department of Public Health Nutrition, Unicersity of Toronto, Toronto 5, Canada) 


A great deal of experimental work has been done 
seeking some specific relation between the various 
vitamins and malignant neoplasms. The literature 
is extensive, but the diverse information is not 
readily fitted into a unified or consistent pattern 
for it is impossible to make extensive generaliza- 
tions from the effects obtained with one type of 
tumor when the opposite effect may prevail with 
others. There are, however, three general ap- 
proaches to Uie problem and with these in mind 
the scattered literature may be divided into first, 
the relation of vitamins to the induction of tumors; 
second, the relation of vitamins to tlic growth of 
tumors; and third, the vitamin content of tumors 
as compared with that of normal tissues. Our in- 
vestigations fit into the third category but differ 
from most of the previous work in that we are 
dealing with spontaneous human cancers, not an 
experimental type induced or transplanted in 
animals. 

As vitamin Be playsf an important part in the 
transamination process it was felt that the amount 
of this vitamin present in the neoplasm, compared 
with the amount present in the surrounding nor- 
mal tissue, might serve as an indication of the 
amount of transamination taking place during 
neoplasia. In addition, the obsers-ation that the 
feeding of a diet low in pyridoxine caused the rats 
to be more resistant to the induction of cancer 
(9, 10) and also caused a reduction of growth of 
tumors already present (2, 8) prompted the study 
of tlie amount of vitamin Bo present in various 
types of human neoplasms. 

few studies were made on the biotin content 
of neoplasms, for biotin also seems to be related to 
nitrogen metabolism as Winzler (12) has indicated 
in his work with yeast. Biotin has been reported to 
have a procarcinogenic effect on “butter yellow” 
induction of tumors (5, 7) and has been reported 
to affect the growth rate of tumors (3). In addi- 

* This investigation was made possible by a grant from 
tbe OiiUrio Cancer Treatment and Research Foundation for 
which thanks are expressed. 

t In this paper “ntamin Be” is used to include pj-ridoxine, 
p\Tjdoxal and pyridoxamine, in accordance with nomenclature 
approved by the American Institute of Nutrition on April 21 


tion, the same assay method could be used, simpli- 
fying the experimental procedure. 

EXPERBIENTAL 

All human neoplasms were obtained through 
the cooperation of the Department of Surgical 
Pathology, Toronto General Hospital, and the De- 
partment of Pathology, Toronto Western Hospi- 
tal. Sections of all tissues used for assay were made 
in these respective departments and microscopic 
examinations carried out. The diagnoses were re- 
ceived from these departments but no attempt was 
made to determine the density of stroma, the pro- 
portion of malignant to normal cells or the amount 
of necrosis present. All data represent the amounts 
of the vitamins present per gram of the entire tu- 
mor mass. 

The tissue remaining after sections were made 
was available for assay and was prepared for deter- 
minations within six hours of removal in the case 
of surgical specimens and within six hours of death 
in the case of autopsy specimens. A preliminary ex- 
periment was carried out in which it was shown 
that there was no loss of vitamin Be during a six 
hour period following removal and thus the re- 
sults represent the total amount of vitamin Be 
present in the tissue. Whenever possible vitamin 
estimations were carried out on surrounding nor- 
mal tissue as well as on the neoplasm itself. 

The vitamin Be and biotin content of the tu- 
mors was estimated microbiologically using the 
method of Atkin ei al. (1) utilizing Sacckaromyces 
carkbergensis. For the assay of biotin, pyridoxine 
hydrochloride was substituted for biotin in the 
basal medium and a 0.3 milligamma/cc. solution 
of crystalline biotin was used as a standard. With 
this method the vitamin Be content of 40 malig- 
nant tumors and 20 samples of normal tissue was 
determined as well as the biotin content of 22 
malignant tumors and 9 samples of normal tissue. 

RESULTS 

The xdtamin Be content of the neoplasms fell 
within a range of 0.33 to 1.35 megm./gm., while 
the values for surrounding normal tissue fell within 
a much wuder range from 0.26 to 8.90 megm./gm. 
A similar situation was found with the biotin 
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values, where the range for the neoplasms was 
0.02 to 0.16 tncgm./gm. Figures 1 and 2 depict the 
average values for the vitamin content of the vari- 
ous neoplasms and their host tissues. 

DISCUSSION 

An examination of these results indicates that a 
marked similarity of both vitamin Bo and biotin 
content exists among all examined types of neo- 
plasms, and that this similarity is not evident 
among the normal host tissues. Not only arc the 
vitamin Be values within a narrow range but the 



Fig. 1. — ^yitamin Be content of liuinan tissues 


values are similar to those for normal tissues hav- 
ing a low vitamin Be content, such as the mucosa 
of the gastro-intestinal tract. Other tissues having 
high values for their vitamin Be content, such as 
liver, kidnej’' and muscle, act as hosts for neo- 
plasms which have small amounts of vitamin Be. 
In fact the vitamin Be content of all malignant tu- 
mors studied was found to have a standard devia- 
tion of 0.19 mcgm./gm., whereas the correspond- 
ing group of normal tissues varied over such a wide 
range that the standard deviation could not be de- 
termined. A similar observation was made when 
the biotin content of tumors and of normal tissues 
was considered. 

The standard deviation may be considered to be 
too high to be of significance, but there are not 
only a large number of different types of tumors, 
but these tumors, even those of the same type, 
may varj’’ considerably in the degree to which they 
resemble or depart from the characteristics of nor- 
mal tissue. In human neoplasms particularly, there 
are elaborate gradations of malignancy and it has 
been said that the greater the degree of malignan- 


cy the greater is the departure from normal. Neo- 
plasms are likely to be heterogeneous, being com- 
posed of both cellular and non-cellular elements in 
yarjo'ng proportions and in addition having varj'- 
ing degrees of central necrosis which would effect 
the concentration values. 

A chemical similarity has been previously dem- 
onstrated, the first indication being reported by 
Cori and Cori in 1925 (4) when they found that the 
lactic acid and sugar content of a sarcoma was 
very nearly the same as that of a carcinoma. 
Greenstein (6) has cited many instances where the 
nearly uniform metabolic pattern of neoplasms, of 
different etiology and histogenesis, have been re- 
ported. The similarity of the B vitamin content of 
neoplasms has been reported previously and our 
data, both quantitatively and with regard to uni- 
formity in tumor tissue, are in general agreement 
with those found by Pollack, Taylor and Wil- 
liams (11). 

In several reports in the literature regarding the 
vitamin content o{ neoplasms the comparison be- 
tween normal and neoplastic tissue has been made 
on a percentage basis. A determination of this sort 



Fig. 2. — Biotin content of human tissues 


can be misleading as the foregoing results show no 
relationship between the neoplasms and their tis- 
sues of origin. For example, if the vitamin Be con- 
tent of bowel carcinoma were compared witli that 
of normal bowel mucosa, it would be regarded as 
102 per cent of normal, whereas if the value for 
liver carcinoma were compared with that of nor- 
'mal liver, it would be 11 per cent of normal. These 
are extreme examples but indicate the wide differ- 
ence and the lack of quantitative relationship be- 
tween normal and tumor tissues. 
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SFMMARY 

'I’lic viljtinin Ur, content of 40 human malignant 
tumors and 20 samples of human normal tissue 
was determined, as well as the biotin content of 22 
malignant tumors and 9 samples of human normal 
tissue. The vitamin Be content of all malignant 
tumors, irrespective of origin, fell within a narrow 
range of O,.!.! to l.tl.a megm./gm. This range was 
similar to ihiit of those normal tissues having a low 
vitamin Br, content. The various normal tissues 
studied had a wide range of values, from 0.20 to 
8.00 megm./gm. The biotin content of all malig- 
nant tumors fell within the range of 0.02 to 0.16 
inegm./gm., while the normal tissues had a range 
of 0.0.1 to O.OG megm./gm. The vitamin content of 
the neopla.sms did not seem to bear any relation 
to the vitamin content of the surrounding normal 
tis.sne. 
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Histopathologic Study of the Mode of Inhibition of Cellular 
Proliferation: Effect of 4-Dimethylaminostilbene on 
the Growth of Walker Rat Carcinoma 256* 


John W. Green, Jr., M.D., and C. C. Lushbaugh, M.D. 

{From ihe Department of Pathology, The 


INTRODUCTION 

Many classes of chemical compounds have re- 
cently been described which inhibit the growth of 
experimental animal tumors. Some of these com- 
pounds such as nitrogen mustard and urethane 
have been used in the chemotherapy of human 
lymphomas (1, 2, 3, 13, 16) and inoperable cancer 
(1, 8, 12). Recent studies with urethane in the 
treatment of experimental tumors have suggested 
that the mode of action of this chemotherapeutic 
agent may be due to its non-specihe effect on de- 
bilitation of the host, together with some more spe- 
cific action as the production of “fixed post-mi- 
totic” cells (5, 9). If the mode of action of various 
classes of tumor inhibiting drugs can be demon- 
strated, then the common denominators of the dif- 
ferent types of inhibitory chemicals may be found,- 
and more active and less toxic inhibitorj’^ drugs 
synthesized. 

The present study was undertaken to determine 
the mode of action of a new class of compounds, 
the aminostilbenes, described by Haddow and his 
group (11). They have shown that several of these 
compounds produce marked inhibition of growth 
of the Walker rat carcinoma 256 (11), that the de- 
gree of tumor inhibition is related to the dietaiy 
protein intake of the hosts (6, 11), and that they 
are powerful carcinogens (11). 

This type of compound was selected to study for 
its mode of action because it is the prototype of 
water insoluble organic carcinogens, and its mode 
of action can be compared with the water soluble 
carcinogen, urethane, which has recently been ex- 
tensively studied (9, 10). 

MATERIALS AND METHODS 

Two hundred and one male and 20 female albino 
rats, obtained mostly from Sprague-Dawley Farms, 
were used in these experiments. Their weights ranged 
from 200 to 350 grams, averaging 250 grams. The stock 

* This study w-is aided in part by a grant from the Commit- 
tee on Growth acting for the American Cancer Society. 


University of Chicago, Chicago ST, Illinois) 

animals were maintained on a diet of laboratory chow.’ 
After preliminary experiments in wdiich the animals 
were fed chow, synthetic diets were used in all subse- 
quent experiments to facilitate paired feeding of the 
controls. The synthetic diet most frequently used con- 
tained 22 per cent casein.” In order to provide a low pro- 
tein diet in some experiments a 5 per cent casein diet 
was used” and in some a casein free 2 per cent carrot 
protein diet was used.” In ev'ery experiment in which 
synthetic diets were used the controls were pair fed to 
the dietary intake of the aminostilbene treated animals. 
Dietary consumption was measured daily and the ani- 
mals were weighed every other day. Because the Walker 
tumor has been extensively used in the study of the 
chemotherapy of transplantable rat tumors, this tumor 
was used in all the following experiments. The details 
of transplantation of the tumor have been previously 
reported (9). A dilute sterile saline suspension of tumor 
was inoculated subcutaneously over the spine. By the 
fourth day a measurable nodule of tumor had devel- 
oped. Beginning on this day measurements of the length, 
w'idth, and height of the tumors were made w-ith a cal- 
iper every other day for the ne.vt 10 days. The resulting 
estimates of tumor volume were computed and their 
logarithms plotted against the logarithm of the day of 
growth. The growth curves of various experiments 
could then be compared as they were straight lines. At 
14 days the animals were sacrificed, and the tumors ex- 
cised and weighed. The mean -w-eight of control tumors 
divided by the mean weight of treated tumors formed 
the ratio of inhibition for a given experiment. The sig- 
nificance of the difference of the mean tumor -n-eights in 

‘ Purina Laboratory Chow. 

= Casein carrot diet, composition per 100 gm.: casein 22 gm.; 
carrots 30 gra.; ruffex 5 gm.; lard 4 gm.; cornstarch 22 gm.; salt 
mixture 4 gm.; liver concentrate 1 gm.; brewer’s yeast 2 gm.; 
water 10 ml.; riboflavin 500 microgm.; pyridoxine hydro- 
chloride 200 microgm.; calcium pantothenate 200 microgm.; 
choline chloride 100 mg. ; vitamin A 200 USP units; and vitamin 
D 29 USP units (20). 

” Five per cent casein diet identical in composition and iso- 
caloric with the 22 per cent casein diet, except that it contains 
5 gm. casein and 39 gm. cornstarch per 100 gm. diet. 

< Casein free 2 per cent carrot protein diet isocaloric with 
the previous diets, and identical in composition except that the 
casein is replaced by cornstarch so that it contains 44 gm. 
cornstarch per 100 gm. diet (20). 
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c<mtro! and treated groups was analyzed and only those 
experiments with a p x-alue of 0.01 or less accepted for 
‘‘tudy. 

Sections of the tumors fixed in formalin, embedded 
and sectioned in paraffin, were stained ivith hemato.vylin 
•and eosin. Wilder’s silver reticulum (19), and Giemsa 
siains. In .some experiments acetic-orcein cnisli prepara- 
tions were made of the tumors to facilitate detailed 
study of mitotic figures. In addition to the usual meth- 
ods of histologic study, some groups of tumors were 
evaluated quantitatively by the method of Chalkley 
(1) for the presence of tumor cells, tumor nuclei, fibrous 
tissue, and tumor cells in mitosis. The Chalkley method 
is based on the random distribution of four points in the 
microscope objective falling in the field of a section. It 
was determined that reproducible results could be ob- 
tained with this method by counting a minimum of 200 


-\ftcr the third injection diethyistilbestrol in oil was 
gix'cn subcutaneously to both groups of animals, 10 mi- 
crograms per rat. Pairs of rats in each group were sacri- 
ficed at 24, 48, and 72 hours after the single injection of 
stilbestrol. Seven and a half hours before each pair was 
•sacrificed they were given colchicine intraperitoneally. 
Wlicn the animals were sacrificed the vagina and uterus 
were removed, bisected longitudinally, embedded in 
paraffin and cut and stained with hematoxylin and eo- 
sin. Mitoses were counted in 1000 cells in a strip 5 cells 
wide along the basal vaginal epithelial layer, and the 
mitotic rate for this tissue calculated. 

EXPERIMENTS AND RESULTS 

The Effect of 4-dmethylaminostUhene Hydro- 
chloride on the Groicth of the Tumor . — In the first 


TABLE 1 

ItKUTIOXSHir BETWEEN THE DIET, TEWIOR WEIGHT, AND BODY WEIGHT IN 4-Dl.METinXA.\riNOSTILBENE 

Hydrochloride Treated and Untreated Rats. 





.\v, wt. 

Av. wt. 



No. oI 


on 

on 

Cliange 

Eiptfimcnl 

rots 

Diet* 

5ay 1 

day It 

net wt. 

1 Treated 

10 

Chow 

244.8 

210.66 

-34.52 

Control 

10 


252.6 

258.0 

- 6.33 

11 Treated 

10 

Chow 

272.0 

250.66 

-23.98 

Control 

10 


2G8.8 

277.8 

- 5.74 

HI Tre-atcd 

10 

Starve 

299.3 

244.33 

-75.8 

Control 

10 


290.0 

233.3 

-79.33 

IV Treated 

7 

22% 

casein 

239.4 

225.8 

-20.15 

Control 

7 

240.4 

264.14 

- 0.37 

Treated 

7 

5% 

casein 

235.0 

195.14 

-43.32 

Control 

7 

234.7 

222 1 

-34.81 


footnotes 2 and 5, 

hits per slide in the analysis for various tissue compo- 
nents jind 400 hits per slide in the determination of mi- 
totic frequency. 

The stilbene compound used in these experiments 
was 4-dimethylaminosti!bene hj'drochloride, M.P. 174- 
175, sj-nthesized by the method of Sachs (17).'' It was 
dissolved in propylene glycol at a concentration of 100 
mg. per ml., and injected intraperitoneally at a dose of 
59 mg. per kilogram of body weight. Injections were be- 
gun on the fourth day of tumor growth, and continued 
every other day for a total of 5 injections. Control ani- 
mals were similarly gix-en 0.5 ml. propylene glycol per 
kilogram at the same time intervals. 

Colchicine was used to arrest mitosis in sex'eral e.x- 
periments. It was administered in doses of I mg. per 
kilogram intraperitoneally 7.5 hours before the animals 
were sacrificed. 

The female rats were ox-ariectomized and allowed to 
rcwver from the operation. They were not inoculated 
with the tumor. After being divided into two groups, 
one group was given the stilbene compound for three in- 
jections, while the controls were gix'en propylene glycol. 

* S.xTithesized by Airs. 2. Tillitson, of the Unix’cisity of Qii- 
eago Toxidty Liborafoty. 


Asaltsis or Tissce Cosipo.vexis 




Milolic 




Cj-to- 

Av. 

Itatio of 

rate per 


Percent 

Percent 

plnsmic: 

tumor 

inhibi- 

400 

Percent 

ej-tn- 

fibrous 

Nuclear 

wt. (gm.) 

tion 

celis 

nuclei 

piasm 

tissue 

ratio 

0.38 

31.0 


7.0 

85.60 

5.75 

12.40 

11.73 



20.40 

75.00 

1.80 

3.70 

2.68 

5.70 


7.20 

83,60 

8.11 

11.60 

14.74 



20.50 

75.80 

1,90 

3.70 

0.86 

18.70 

0.25 

7.50 

85.00 

7.20 

11.30 

16.03 


4.50 

21.60 

74.60 

2.20 

3.46 


6.55 3.C8 3.50 
24.11 5.75 
3.18 6.98 2,50 
22.21 5.00 


e.Yperiment the growth of the tumor was studied in 
20 rats fed dog chow ad libitum. The treated tu- 
mors averaged 0.38 grams in weight when excised 
on the fourteenth day, while the control tumors 
averaged 11.73 grams, giving a ratio of inhibition 
of 31.0. The net weight change ax’eraged —34.53 
grams in the treated animals and —6.3 grams in 
the control tumor bearing animals. This experi- 
ment was repeated with a resultant ratio of in- 
hibition of 5.7 (Table 1). In the second experiment 
the weight change for the treated and control ani- 
mals was —23.98 and —5.74 grams respectively. 
Since the ratio of inhibition varied with the weight 
loss of the treated animals, in the third experi- 
ment, beginning on the fourth day both groups 
were stan’ed. The net weight changes in this ex- 
periment were —75.8 grams in the treated and 
—79.33 grams in the controls. The ratio of in- 
hibition was 18.70. The growth curx*es for both 
groups of animals are sboxvn in Fig. 1. 

Since it has been shown that the protein con- 
tent of the diet has a direct effect on the degree of 
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tumor inhiljilion produced by the stilbene com- 
pounds (6, 11), a series of experiments was done in 
which a high and a low protein diet was used. Four 
groups of 7 animals each were used; two groups 
•were on the 22 per cent casein diet and 2 groups 
were on the 5 per cent casein diet. In each dietary 
group the controls were pair fed to the consump- 
tion of the treated groups. Net weight changes and 
tumor weights are shomi in Table 1, Experiment 
I\ . There M’as a consistently greater loss of weight 
in the treated animals as compared with the con- 



TIME IN CAYS OF TUMOR GROWTH 


Fig. 1. — The growth rates of Walker carcinoma 25G in rats ■ 
fed various diets, with and without treatment udth 4-dimethy|- 
aminostilbene hydrochloride, plotted on a log-log scale. The 
points indicate the estimated tumor volumes in the following 
dietary groups: 1, control rats fed laboratory chow; 2, trc.ntcd 
rats fed the same diet; 3, control rats fed 22 per cent casein 
diet (open circles) and control rats fed 5 per cent casein diet 
(open squares); 4, treated rats fed 22 per cent casein diet; 5, 
treated rats fed 5 per cent casein diet. The control animals 
represented by 3 were restricted to the same daily dietary in- 
take ns their corresponding treated groups, 4 and 5. 

trols, even though the dietary intake of both was 
the same. The treated tumors of the animals on 
the 22 per cent casein diet averaged 6.55 ^ams in 
weight, tho.se on the 5 per cent protein diet, 3.18 
grams. The control tumors averaged 24.11 grams 
in the high protein, and 22.21 grams in the low pro- 
tein groups. The 5 per cent protein diet did not 
significantly decrease the ■weight of the eontrol 


tumors. All of the tumors in these experiments 
were fixed in acetic-orcein and crush preparations 
for mitotic figures were made. 

The growth curve for this experiment is com- 
pared with those of other representative experi- 
ments in Pig. 1. This experiment was repeated us- 
ing 42 animals and adding a casein free 2 per cent 
carrot protein diet. Inhibition of tumor growth of 
the same order as in previous experiments oc- 
curred. On the eighth and twelfth days of tumor 
growth, half of each dietary group was given col- 
chicine and sacrificed 7.5 hours later for mitotic 
counts. When treatment of a group of animals was 
slopped and they were allowed to live, the tumors 
resumed growth in 2 to 4 days. The animals then 
either died from necrosis and sepsis of their tumors 
or from massive hemorrhage from acute gastric ul- 
ceration. The gastric lesion has also been described 
by Haddow (11). 

Histologic Studies of the Effect of i-dimetlnjl- 
aininosiilbenc Hydrochloride on the Morphology of 
the Walker Tumor. — ^hlicroscopic study of the 14 
day old treated tumors revealed a striking change 
from the control histology. This change was seen 
particularly in those tumors whose hosts had been 
starved, or fed low protein diets. A similar picture 
was seen in the tumors of the treated chow fed 
hosts; since their dietary intake was so poor, they 
were actually on a low protein diet. The treated 
tumors showed a replacement of the usually ho- 
mogeneous tumor cells by pleomorphic giant cells. 
Occasional multinucleated giant cells were ob- 
served (Figures 4 and 5). The tumor giant ceils 
were never observed in mitosis. In addition there 
was a hea'vy overgrowth of fibrous stroma and 
reticulum (Figures 8 and 9). The histologic changes 
in those treated tumors whose hosts were fed the 
high protein synthetic diet were not as marked; 
this group also showed the least weight loss. How- 
ever, the morphology of the tumors of these ani- 
mals was definitely changed from that of the con- 
trols (Figures 2 and S). The reticulum showed a 
marked increase over that seen in the control tu- 
mors and there was some increase in tumor cell 
size (Figures 6 and 7). There were few tumor giant 
cells seen. 

The results of analysis of the histological com- 
ponents of some tumors by the Chalkley method 
are shown in Table 1. There was a great increase 
in fibrous tissue and a decrease in hits on tumor 
cell nuclei. The hits on the tumor cell cytoplasm 
were increased. A comparison of the mitotic rate, 
net weight change of the host, tumor weight and 
dietary regimen is shown in Table 1. On both the 
22 per cent and 5 per cent casein diets the mitotic 
rate for the treated animals was slightly less tlian 
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the controls. Thiil Ibi-s was not due to more severe 
nnlrilional debilitation of tbe treated animals is 
diown by Experiment III (Table 1) where both 
treated and control groups %vcrc starved. Although 
the net weight loss of the controls was 79.33 grams, 
and that of the treated 7r>.8 grams, the mitotic 
nitc %rns 4..a and 0.2.5 per 400 cells respcetivcly. 

The small consistent difference between tbe 
treated and control tumors was greatly accentuated 
i.y the administration of colchicine on the eighth 
and twelfth days of tumor growth. After colchicine 
the control tumors, regardless of the type of host 
(lid, .showed a consistently higher rate of mitosis 
(Tabic 2). While this marked inhibition of tumor 


er and more sustained increase. This inhibition of 
mitosis in the treated animals was not the result of 
severe weight loss (Table 3). Controls restricted in 
food intake to the weight loss of tlie treated animals 
still showed a good estrogenic response and a 
marked increase in the mitotic rate of the vaginal 
basal epithelium. The mitotic figures of both treat- 
ed and untreated tumors were studied to deter- 
mine if there was an increase in abnormal mitotic 
figures which might give rise to post mitotic cells 
that could not contribute any further increase in 
tumor size such as occurs in urethane treated 
Walker tumors (9). The animals on which these 
studies were made were pair fed a 22 per cent 


TABLE 2 


Evv'f.ct of Colchicinf, ox the Number of Mitoses in Walker Rat Tumor 256 and the Jejunal Crypts 
OF Rats after Treatment avith 4-DiMETmxAMiNosTiLBENE Hydrochloride.*! 




ToMon 

Number mitoses 
per 400 cells. 

Days 

Number pycDolic 
nuclei per 

400 cells. 

Days 

Jejunum 

Number mitoses per Number pycnoses per 
200 crj'pt cells. 200 crypt cells. 

Days Days 

Trralrocot 

Diet 

8 

12 

8 

H 

8 

12 

8 

12 

Control 

22% 

casein 

10.0 

12.0 

0.0 

0,0 

3.5 

7.5 

0.0 

0,0 

Colchicine 

u 

37.0 

61.5 

3.0 

0.5 

28.5 

48.0 

37.0 

40.0 

.tmino<tiIbcnc 


4.0 

3.0 

0.0 

0.0 

4.0 

3.0 

0.0 

0.0 

.Iminostilbcne nnd col- 

a 

11.0 

0.0 

6.5 

0.0 

25.0 

52.0 

42.5 

31.0 

chicine 

Control 

5% 

casein 

14.5 

7.0 

0,0 

0.5 

4.5 

4.5 

0.0 

0.0 

Colchicine 

u 

54,5 

32.0 

1.5 

8.5 

44.0 

44.0 

47.0 

23.0 

.\mino«lilbcne 

u 

4,5 

4,0 

0.5 

1.0 

2.0 

5.0 

0.0 

0.5 

.Aroino?lilbcnc nnd 

u 

8.0 

5,5 

4.5 

0.5 

36.5 

41.0 

56.0 

25.0 

colchirinc 

rontrol 

2% 

9.0 

6.0 

0.0 

0.0 

4.0 

4.0 

0.5 

0.0 

„ , - . ^ enrrot protein 

C olcniclnc « 

80.5 

53.5 

3.5 

7.0 

23.0 

31.5 

59,5 

54.5 

Ammo^hlbenc 

u 

0.5 

2.5 

0.0 

0.0 

1.0 

4.5 

1.0 

0,0 

Aminn«:{ilbene and col- “ 6.5 3,0 

chicine 

Th<r S tisy treated received S injections of the stilbenc compound, Ibe 1 

1.0 0,5 59.5 

2 day aniranls 5 inject 5 od<. 

36.5 

36.5 

22.0 

f feur rat< «*<*({ in eaclj j?ro«p. 


fvll niito.'.'is by 4-dimelhylamiiiostilbenc hydi 
chloride was- observed, the mitotic rate of the ; 
Rinal ci^j-pts remained essentially unchanged 
boffi treafed and control animals (Table 2). 

.(T fhat this was an apparent sp 

Cl ic inllibition of lurnor cell division by the st 
H-ne (impound while the intestinal ciypts i 
tnain^ unaffected suggested tlie study of anoth 
rapidly proliferating normal tissue. The vagin 
fpilneluim of the ovarieclomized rat under the i: 

used for this purpose (16 
injection of the stilbenc compoui 
and l ie administnilion of stilbestrol, it was o^ 
suppressed in the treati 
tlielim.rnf ii' mitotic rale of the vaginal cp 
inere-!-;(' it animals showed some slig] 

. the control animals showed a much grea 


casein and a 5 per cent casein diet. No colchicine 
M'as used in these e.\'periments. All tumors used in 
the mitotic study were 14 days old. The abnormal 
mitoses were considered to be (9): polypoid pro- 
phase, cells Avith greatly increased numbers of 
scattered chromosomes; abnormal metaphase, 
poor spindle formation due to chromosome clump- 
ing and omission of chromosomes from the spindle; 
sticking chromosomes, chromosomes remaining at- 
tached after metaphase and failing to enter into 
daughter cells in anaphase; lagging anaphase, the 
lagging-behind of one or more chromosomes as the 
daughter cells are formed; bizarre figures, multiple 
spindles in a single cell or any peculiar configura- 
tions that could not be readily classified. Table 4 
shows the results of this detailed study of mitotic 
figures. The difference in dietarj* protein had no 
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TABLE 3 

The Eitect of 4-Dimethyeaminostiebene Hydbo- 
CHLOUIDE ON THE VAGINAL EPITHFXIUM OF THE 
Ovariectomieed Female Rat, at 24 Hour Inter- 
vals ilFTER THE ADJIINISTRATION OF DIETHATSTII^ 
bestrol, 10 Micrograms per Rat. (Colchicine l 
MG/KG GH'EN 7 ] HOURS BEFORE EACH GROUP SAC- 
RIFICED)* 1000 Celis Counted in each Rat. 





Weight 

Mitoses 

.Inimo! 


Time nflcr 

change 

per 1000 

No. 

Trcalmcnl 

alilbeslrol 

(gr.Tms) 

cells 

1 

Treated 

24 Hours 

-50 

36 

2 

« 

24 Hour.s 

-50 

32 

3 

Control 

24 Hours 

- 3 

66 

4 

ti 

24 Hours 

+ 3 

68 

5 

n 

24 Hours 

-53 

66 

6 

Treated 

48 Hours 

-23 

46 

7 

u 

48 Hours 

-33 

33 

8 

Control 

48 Hours 

- 6 

173 

9 

t( 

48 Hours 

-10 

206 

10 

a 

48 Hours 

-GO 

111 

11 

t{ 

48 Hours 

-55 

327 

12 

Treated 

72 Hours 

-60 

66 

13 

({ 

72 Hours 

+ 17 

38 

14 

Control 

72 Hours 

-25 

67 

IS 

(( 

72 Hours 

22 

98 

16 

u 

72 Hours 

-58 

149 

17 

u 

72 Hours 

-56 

171 


* The 2 1 hour treuted nnimal^ were given 3 injections of Ute slilltcnc com- 
pound; the 48 hour««d 72 hournnioHii^! were given t injections. 


effect on llic incidence of abnormal figures. In Ibe 
control tumors of both dietarj' groups about 30 per 
cent of the figures ivere considered to be abnormal. 
The greatest increase in abnormal appearing mi- 
totic figures in the treated tumors ivas in abnormal 
nietaphases. 

COMMENT 

It would seem from these experiments that 4-di- 
methylaminostilbene inhibits the growth of the 
Walker rat carcinoma 250 primarily by direct 
mechanisms. Even though both treated and un- 
treated animals were depleted of the same amounts 
of weight in Experiment III (75.8 and 79.33 grams, 
respectively), the marked difference in mitotic 
rate of the two groups shows that non-specific nu- 
tritional debilitation is not a primary factor in the 
restriction of tumor growth. That specific debilita- 
tion plays some role in tumor inhibition ivith this 
compound has been shown by Elson and Haddow 
(6) and confirmed in the experiments described 
above. Although a 5 per cent casein diet had no ef- 
fect on control tumor growth in these experiments, 
the low protein diet increased the ratio of inhibi- 
tion from 3.68 to 6.98. The degree of tumor inhibi- 


TABLE 4 


Analysis of Mitotic Figures of 14 d.ay Old Control and 4-Dimethvl.aminostilrene 
Hydrochloride Treated Wai.ker Tumors.* 

Nokmai, Mitotic Fiocbe, Adwiim.il Mitotic FiomEs 




Pro- 

Mctn* 

Ana- 

Animnl No. 

Diet 

phase 

phase 

phase 

Control: 

22% 




1 

casein 

65 

1 

0 

2 

u 

53 

9 

0 

3 

« 

62 

3 

0 

4 

(( 

61 

7 

0 

5 

(( 

72 

4 

0 

6 

a 

49 

10 

0 

Averages 


60.3 

5.0 

0 

Treated: 

22% 



0 

1 

casein 

23 

3 

2 

u 

20 

4 

0 

.3 

u 

15 

3 

0 

4 

u 

47 

1 

0 

5 

a 

22 

2 

0 

e 

u 

15 

3 

0 

Averages 


24,6 

2.6 

0 

Control: 

3% 



1 

1 

casein 

51 

9 

2 

u 

57 

9 

0 

3 

u 

49 

13 

2 

4 

u 

51 

4 

0 

5 

u 

38 

10 

0 

AVERAGES 


49.2 

9.0 

.0 

Treated: 

5% 




1 

casein 

47 

0 

0 

2 

t( 

29 

1 

0 

s 

(( 

41 

4 

0 

4 

u 

38 

3 

0 


It 

36 

2 

0 

.Averages 


38.2 

2 

0 

* One Itundreii mitoses 

were sUulieil 

in each 

tumor. 



Oegen- 

Total 

Poly- 


ernl- 

normal 

poid 

Telo- 

ing 

(per 

pro- 

phase 

cells 

cent) 

phase 

0 

8 

74 

0 

0 

2 

64 

0 

0 

1 

66 

.8 

0 

6 

74 

2 

0 

a 

78 

0 

1 

7 

67 

1 

.17 

4.3 

70.5 

1 

1 

4 

31 

6 

I 

G 

37 

1 

0 

4 

22 

4 

0 

8 

56 

4 

0 

4 

28 

6 

1 

9 

28 

3 

.5 

5.8 

33,6 

4 

13 

11 

85 

3 

3 

10 

79 

2 

2 

7 

73 

0 

0 

2 

57 

0 

1 

9 

58 

0 

3.8 

7.8 

70.4 

1 

0 

o 

49 

8 

0 

6 

30 

9 

0 

7 

52 

9 

1 

3 

45 

1 

1 

1 

40 

2 

.4 

3.8 

44.4 

5.8 


Abnor- 

Slick- 

Lag- 

Bi- 

mal 

ing 

ging 

anrre 

roela- 

chromo- 

ana- 

lig- 

pliase 

somes 

phase 

iircs 

10 

8 

7 

1 

23 

2 

11 

0 

17 

6 

9 

0 

16 

C 

2 

0 

9 

2 

11 

0 

10 

4 

17 

1 

14.1 

4.5 

9.5 

.3 

45 

3 

IS 

0 

30- 

7 

25 

0 

47 

7 

14 

6 

30 

3 

7 

0 

42 

10 

14 

0 

51 

2 

16 

0 

40.8 

5.3 

15.1 

1 

2 

2 

8 

0 

9 

4 

0 

0 

11 

5 

11 

0 

26 

1 

15 

1 

22 

4 

15 

1 

14 

3.2 

n 

.4 

37 

1 

5 

0 

45 

0 

8 

2 

16 

13 

9 

1 

.41 

1 

10 

2 

44 

0 

8 

6 

30.0 

3.0 

8 

2.1 


ToIbI 

Blinor- 

mnt 

IpcT 

cent) 

2C 
30 
34 
26 
22 
3.S 
20. o 


68 
03 
78 
44 
72 
72 
66.. 3 


15 

21 

27 

43 

42 

28.fi 

51 

fi4 

48 

33 

60 

5.5,6 



(JuEK.v Axn LrsiiBArnn 

({rm inu>-( /if corix’hiU-d in ■‘•ornc wnmu'r ivil/i pro- 
fciii .synllif.vis. Hercnl work hy Feinslciu (7) sni:- 
p-.-.l-i inorf .‘'(iccificiiily tlwl one effect of -t-di- 
inflliyiiiiniiiostiiliene on protein inctabolisin is a 
marked nalticlion in liver ainl siilcnic calliepsin 
nile, wliicli niifrlil slow the norinnl rale of protein 
turnover. 'Fliis could lead to a diminution in avail- 
ahle (irolein for Ininor and body growth. 

'I’lie effect of inhihition of initosi.s hy 4-dinicthyl- 
iiininoslilhene hydrochloride is indopcndcnl of the 
dielaty intake, and occurs to ahonl the .same ex- 
tent in tumor /learinganiniaks fed a 22 percent or 
:> per cent casein, or 2 per cent carrot protein did 
for .short periods of time. This would suggest that 
the ability to inhibit mitosis is an independent fac- 
tor not related directly to diclarj' intake. The ob- 
servation that the mitotic rale of the jejunal crrpls 
was not .affected while that of the tumor was de- 
creased implies a verj’ specific mitotic inhibilorj’ 
ability of the dnig. However, .since it will also in- 
liihil tile mitosis of the vaginal epithelium of 
nvarieeloinized rats when slilbcslrol is adminis- 
tered. I'f IS not smuiiy a specific inhibitor of neo- 
jilastic cells. 

'I'lie ability of 4-(limethylaminoslilhenc to pro- 
duce an increa.se in abnormal mitotic figures is 
.similar to the ob.servations made on human lu- 
mor.s treated with .\-r;iy {14. 1.7). and on urethane 
treated ml tumors (0). In the latter study it was 
.suggested llial the ahnoruud mitotic figures might 
give rise to cells which were incaiiable of further 
division, and hence jiost mitotic cells. The.sc post 
mitotic cells could not add any .subsequent genera- 
tions of cells to the tumor mass. This mcchauLsm 
is nl.«o aiiiiarenlly a factor in the inhibition of 4-di- 
inclliylaminostilhcnc treated tumors. 

The striking change in the histological appear- 
.nnre of the treated tumors m.ay be the result of 
the.se inechnuisins. The .slower growth of the tumor 
gives the stroma of the host more opportunity to 
siitiiily a ilense matrix than in a very' mpidly grow- 
ing Innior. The peculiar atypical ceils in the Ircal- 
isi I amors (Figure .7) may ari.se from abnormal 
mitotic figures an<l represent the final .stage of the 
fixed post mitotic cell. That this is possildo is .sug- 
gc.sfed from the oh.servation that none of these 
evils have ever been ob.scrved in mitosis. 

IMiilc the mechanism of tumor inhibition by 
ureih;me is .'uriiarenlly due to the non-specific ac- 
tion of (he debililalingofrect of (he drug combined 
with the siiecific clfect of (he production of ab- 
normal mitotic figures giving rise to post mitotic 
tumor txdl.s. the inhihiloiy effect of 4-dimcthyI- 
.•itntnostilhene is moit' specific. The debilitation "by 
rwhiction in dietary protein int.-rkc mcrcnsc.s the 
efierl of this dnig on tumor growth. The prodne- 


Inhihilmi of ('oncer 

tion of abnormal mitotic figures and lire inhibitory 
effect of tumor cell rnilo.sis is a]>parcntly independ- 
ent of nnlritional debilitation. 

SUMMARY 

The inhibitory' effects of 4-diniclhylaminoslil- 
bcnc hydrochloride on cclhiar proliferation have 
I>ecn studied in the Walker rat carcinoma 256, je- 
junal crypts of intact male, and vaginal basal epi- 
thelium of the ovaricctomiKcd rat. The findings of 
Harldow and his group have been confirmed (0, 
11), that this compound is a powerful inhibitor of 
tumors and its inhibitory' cfi'ect is dependent in 
part on the nutritional slate of the host. It has 
irecn shown (hut a spectacular change in the his- 
tologic appearance of the tumors occurs under the 
influence of this drug, and that this liislologic 
change of tumor giant cell formation, overgrowth 
of fibroblasts, and heax-y reticulum formation i.s 
greatest in those tumors whose hosts have had the 
poorest nutritional slate and lost the most weight. 
In addition it has been found that in tumors 
treated with arninostilbenc there is an increase in 
incidence of abnonnal mitotic figures of the i.vpe 
which are postulated to give rise to post mitotic 
ceils. It is suggested that these post mitotic cells 
may not be available for further tumor groxvth. 
The more specific effect of inhil)ition of mitosi.s of 
tumor cells by this drug has been described. This 
inhihition of mitosis has been found whether the 
host was on cither a high or loxv protein diet. The 
jejunal crypt mitotic rate was not affected by tlie 
drug in those animals. This compound was also 
found to inliibit the vaginal epithelium of the 
ovaricclomized rat which liad been given stilbes- 
Irol. Tlic inhibition of mitosis of the slilbcslrol 
sliimdated x'aginal epithelium of the rat is not due 
to marked weight loss of the treated animals. 

On the basis of this study 4-dimelhylamino- 
stilbcne hydrochloride appears to inhibit tumor 
growlli by; production of abnormal mitotic figures 
giving rise to post mitotic cells, inhibition of tumor 
cell mitosis, and by interfering with normal pro- 
tein synthesis in the tumor bearing rat. 
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Here the projected image is cast upon a platen 
within a light-tight chamber, with separate light- 
excluding viewing hoods for each observer. Any 
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pointer at each port permits any observer to indi- 
cate areas of interest to all the others for discussion. 
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The 64,000 jumen intensity of the 
. ^copicon high-pressure mercury 
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objectives. In projected irhages six 
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